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CHAPTER I 

PKRIPAtUS 

INTRODUCTION-EXTERNAL FEATURES-HABITS-BREEDING — 

ANATOMY-ALIMENTARY CANAL-NERVOUS SYSTEM — THE 

BODY WALL-THE TRACHEAL SYSTEM-THE MUSCULAR 

SYSTEM-THE VASCULAR SYSTEM-THE BODY CAVITY- 

NEPHRIDIA-GENERATIVE ORGANS-DEVELOPMENT-SYNOPSIS 

OF THE SPECIES-SUMMARY OF DISTRIBUTION. 

(JThe genus Peripatus was established in 1826 by Guilding,' who' 
first obtained specimens of it from St. Vincent in the Antilles. 
He (regarded it as a Mollusc, being no doubt deceived by the 
slug-like appearance given by the antennae.^ Specimens were 
subsequently obtained from other parts of the Neotropical region 
and from South Africa and Austmlia, and the animal was vari¬ 
ously assigned by the zoologists of the day to the Annelida 
and Myriapoda. Its true place in the system, as a primitive 
member of the group Arthropoda, was first established in 1874 
by Moseley,^ who discovered the tracheae. ^ The genus has heen 
monographed by Sedgwick,® Who has also written an account of 
the development .of the Cape species.^ A bibliography will be 
found in Sedgwick’s Monograph. 

^ L. Guilding, ” Ifol/usca carihbaeana : an Account of a New Qeuua of MoUusca/’ 
Zool, Joum, vol. ii. 1826, p. 443, pi. 14; reprinted in Isia, vol. zxi. 1828, p. 168, pi. ii. 

* H. N. Moaeley, **On the Structure and DcTelopmontof Peripatus captttisist'' PkU. 
Tran$. clxiv. pis. lxxu.-lxxv. pp. 757>782; and /Voc. R. S, xxii. pp. 344-360, 1874. 

® A. Sedgwick, ** A Monograph of the Genus PeripatuSt** Quart. Jown. 

vol. xxviii., and in Studies/rtnn the Morphologieal Ldboratarp of the Uni- 
vsrsUy sf (kmJbfidge^ vol. iv. Of. also p. 28 a. 

* A. Sedgwick, '*A Monograph of the Development of Peripatus 
Studies feem ihe Morjdiologioat LfdMratery qf the University qf Cambridge^ vol. iv. 
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V There can be no doubt that Feripatng is an Arthropod, fox it 
poaaesses the following features, all characteristic of that group, 
and all of iirst-olass morphological importance: (1) The presence 
of iqppendages modified as jaws; (2) the presence of paired lateral 
ostia perforating the wall of the heart and putting its cavitjr in 
communication with the pericardium; (3) the presence of a vas¬ 
cular body cavity and pericardium (haemocoelic body cavity); 
(4) absence of a perivisceral section of the coelom. Finally, the 
tracheae, though not characteristic of all the classes of the 
Arthropoda, are found nowhere outside that group, and constitute 
a very important additional reason for uniting Feripatus with it 1 
Feripatu*, though indubitably an Arthropod, differs in such 
important respects from all the old-established Arthropod classes, 
that a special class, equivalent in rank to the others, and called 
Frototracheata, (Onychophora), has had to be created for it 
This unlikeness to other Arthropoda is mainly due to the Anne- 
lidan afifinitieq^hich it presents, but in part to the presence of 
the following peculiar featui^f (1) The number and diffusion of 
the tracheal apertures; (2) the restriction of the jaws to a single 
pair; (3) the disposition of the generative organs; (4) the tex¬ 
ture of the skin; and (5) the simplicity and similarity of aU tlie 
s^ments of the body behind the head. } 

The Annelidan affinities are superficially indicated in so 
marked a manner by the thinness of the cuticle, the dermo- 
museular body wall, the hoUow appendages, that, as already 
stated, many of the earlier zoologists who examined Feripatua 
placed it amongst the s^^ented worms; and the discovery that 
there is some solid morphological basis for this determination 
constitutes one of the most interesting points of the recent work 
on the genua (The AnneUdan features are: (1) The paired 
nephridia in every segment of the body behind the first two 
(Saenger, Balfour ; (2) the presence of cilia in the generative 
tracts (Gaffron),) It is true that neither of these features.are 
absolutely iistinctive of the Annelida, but when taken in conn 
junction with the Anndidan dii^osition of the chief systeims of 
<Hgans, viz. the oratral nervous system, and the main Vascular 
tiwik ox heart, may be considered as indicatiug affinities in that 

* V. M. Bdlfoor, “Tlw Anatomy and Developmait of edited 

by Frotbaeor H. K. Moeeley and. A. Bedgwibk, Qwrt, Joum. Mte, SH. xxUL 
aiSrSfiSL ida. ^-xx. ISSS. 
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direction. Peripatm, therefore, is zoologically of extreme interest 
from the fact that, though in the main Arthropodan, it possesses 
features which are possessed by no other Arthropod, and which 
connect it to the group to which the Arthropoda are in the 
general plan of their organisation most closely related. It must, 
therefore, according to our present lights, \yQ regarded as a very 
primitive form; and this view of it is borne out by its extreme 
isolation at the present day. Peripatus stands absolutely alone 
as a kind of half-way animal between the Arthropoda and Anne¬ 
lida. There is no gradation of structure within the genus; the 
species are very limited in number, and in all of them the 
peculiar features above mentioned are equally sharply marked. 

Peripatus^ though a lowly organised animal, and of remark¬ 
able sluggishness, with but slight development of the higher 
organs of sense, with eyes the only function of which is to enable 
it to avoid the light—though related to those animals most re¬ 
pulsive to the aesthetic sense of man, animals which crawl upon 
their bellies and spit at, or poison, their prey—is yet, strange to 
say, an animal of striking Ixjauty. The exquisite sensitiveness 
and consttwitly changing form of the antennae, the well-rounded 
plump l)ody, the eyes set like small di^^monds on the side of the 
head, the delicate feet, and, above all, the rich colouring and 
velvety texture of the skin, all combine to give these animals an 
aspect of quite exceptional Ijeauty. Of all the species which I 
have seen alive, the most beautiful are the dark green individuals 
of Capenais, and the species which I have called Balfouri. 
Tliese animals, so far as skin is concerned, are not surpassed in 
the animal kingdom. I shall never forget my astonishment and 
delight when on lx?aring away tlie bark of a rotten tree-stump 
in the forest on Table Mountain, I first came upon one of these 
animals in its natural haunts, or when Mr. Trimen showed me in 
confinement at the South African Museum a fine fat, full-grown 
female, accompanied by her large family of thirty or moi e just- 
born but pretty young, some of which were luxuriously creeping 
about on the beautifid skin of their mother’s back. 

'V. 

Features. 

The anterior part of the body may be called the head, though 
it is not sharply marked off from the rest of the body (Fig. 1). 
The head carries three pairs of appendages, a pmr of simple eyes^ 
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and a ventrally placed mouth. The body is elongated and 
vermiform; it bears a niiml)er of paired api^endages, each termi¬ 
nating in a pair of claws, and all exactly alike. The numl)er 
varies in the different species. The anus is always at the 



FiO. 1 .—Peripatus capensis, drawn from life. Life size. (After Sedgwick.) 


posterior end of the body, and the generative opening is on the 
ventral surface just in front of the anus; it may l)e V)etween the 
legs of the last pair (Fig. 2), or it may l)c l)ehiiul them. There 
is in most species a thin median white line extending the whole 
length of the dorsal surface of the body, on each side of wliich 



Fio. 2.—Ventral view of hind > end of 
P, Nome’-Zealandiae, (After Sedg- 
wick.) Generative opening; a, 
anus. 



Fio. 3. —Ventral view of the head of 
capemia. (After Sedgwick.) anf, An¬ 
tennae ; or.p^ oral papillae \ first 
leg; r, tongue. 


the skin pigment is darker than elsewhere. The colour varies 
considerably in the different species, and even in different indi¬ 
viduals of the same speciea The ventral surface is nearly always 
flesh-coloured, while the dorsal surface has a darker colour. In the 
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South African species the colour of the dorsal surface varies from 
a dark green graduating to a bluish gi*ay, to a brown vary¬ 
ing to a red orange. The colour of the Australasian species 
varies in like manner, while that of the Neotropical species (S. 
American and W. Indian) is less variable. The skin is thrown 
into a number of transverse ridges, along which wart-like papillae 
are placed The papilhie, which are found everywhere, are specially 
develoi)ed on the dorsal surface, less so on the ventral Each 
papilla carries at its extremity a well-marked spine. 

The appendages of the head are the antennae, the jaws and 
the oral papillae. 

The antennae, which are prolongations of the dorso-lateral 
parts of the head, are ringed, and tajxjr slightly till near their 
termination, where they are slightly enlarged. The rings bear a 
number of spines, and the free end of the antennae is covered by 
a cap of spiniferous tissue like that of the rings. 

The mouth is at the hinder end of a depression called the 
buccal c^ivity, and is surrounded l)y an annular tumid lip, raised 
into papilliform ridges and liearing a few spines (Fig. 3). Within 
the buccal cavity are the two jaws. They are short, stump-like, 
muscular structures, armed at their free extremities by a pair of 
cutting bla<les or claws, and are placed one on each side of the 
mouth. In the median line of the buccal cavity in front is 
placed a thick muscular protuberance, which may be called 
the tongue, though attiiched to 
the dorsal instead of to the 
ventral wall of the mouth (Fig, 

3). The tongue bears a row of 
small chitinous teeth. The jaw- 
claws (Figs. 4 and 5), which re¬ 
semble in all essential points 
the claws borne by the feet, and 
like the» ™ thickenings of the ’''"ijl;-?,"?.!": 
cuticle, are sickle-shajkcd. Tliey pen*i». (After /numm. (After 
have their couvex edge directed Brffour.) 

forwards and their concave or cxitting edge turned liackwarda 
The inner cutting plate (Fig. 4) usually bears a niuuber of cutting 
teeth. The jaws appear to be used for tearing the food, to which 
the mouth adheres by means of the tiunid suctorial lips. The 
oral papillae are placed at the sides of the head (Fig. 3). The 
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ducts of the sliiue-glands open at their free end. They possess 
two main rings of projecting tissue, and their extremities bear 
papillae irregularly arranged. 

The ambulatory appendages vary in number. There are 
seventeen pairs in 1\ capensis and eighteen in R Ralfouri, 
while in P, Jamaicensis the number varies from twenty-nine to 
forty-three pairs. They consist of two main divisions, which we 
may call the leg and tlie foot (Figs. 6 and 7). The leg (Z) has tlie 
form of a truncated cone, the broad end of which is attached to 
the ventro-lateral wall of the body, of which it is a prolonga¬ 
tion. It is marked by a number of rings of papillae placed 



Flo. 6.—Ventral view of last leg of a Fio. 7. — Leg of P, eapenns seen from the 
male P. capensis, (After Sedg- front. (After Sedgwick.) /i Footleg; 

wick.) /, Foot; /, leg; spini- p, spiiiiferous pads, 

ferous pads. The white jiapilla 
on the proximal part of this leg is 
characteristic of the male of this 
species. 

transversely to its long axis, the dorsal of which are pigmented 
like the dorsal surface of the body, and the ventral like the 
ventral surface At the narrow distal end of the leg there are 
on the ventral surface three spiniferous pads, each of which is 
continued dorsally into a row of papillae. 

The foot is attached to the distal end of the leg. It is 
slightly narrower at its attached extremity than at its free end. 
It bears two sickle-shaped claws and a few papillae. The part 
of the foot which carries the claws is especially retractile, and is 
generally found more or less telescoped into the proximal part. 
The 1^ of the fourth and fifth pairs differ from the others in 
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the fact that the proximal pad is broken up into three, a small 
central and two larger lateral. The enlarged nephridia of these 
legs open on the small central division. 

The males are generally rather smaller and fewer in number 
than the females. In those species in which the number of legs 
varies, the male has a smaller number of legs than the female. 

Habits. 

They live l^eneatli the bark of rotten stumps of trees, in the 
crevices of rock, and ]»eneat!i stoncis. They require a moist 
atmosphere, and are exceedingly susceptible to drought. They 
avoid liglit, and are therefore rarely seen. They move with 
gr(54it deliU'ration, picking their course by meuns of their 
antennae and eyes. It is by the former that they acciuire a 
knowledge of the ground over which they are travelling, and by 
the latU‘r tliat th(»y avoid the light. The antennae are extra¬ 
ordinarily s(uisitive, and so delicate, indwd, that they set*m to lie 
able to pen'eive the nature of objects without actual coiita<*t. 
When irritated they ejec't with considerable force the contents of 
their slime r(*s(^rvoirs from the oral papilhie. The force is sup¬ 
plied by the sudden contraction of the muscular body wall. They 
can squirt the slime to the disUince of almost a foot. The slime, 
which appears to l)e pirfectly harmless, is extremely sticky, but 
it easily comes away from the skin of the animal itself. 

I have never seen them use this apparatus for the capture of 
prey, but Hutton descril)es the New Zealand s])ecies as using it 
for this purpose. So far as I can judge, it is usid as a defensive 
weapon; but this of course will not exclude its offensive use. 
They will turn their he^ids to any part of the boily which is being 
irritated and violently discharge their slime at the offending 
object. locomotion is effected entirely by means of the legs, 
with the body fully extended 

Of their food in the natural stiite we know little; but it is 
probably mainly, if not entirely, animal. Hutton descril>ea his 
8])ecimen8 as sucking the juices of flies which they had stuck 
down with their slime, and those which I kept in C4iplivity 
eagerly devoured the entrails of their fellows, and the developing 
young from the uterus. They also like raw sheep s liver. They 
move their mouths in a suctorial manner, tearing the food with 
their jaws. They have the power of extruding their jaws from 
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the mouth, and of working them alternately backwards or for¬ 
wards. This is readily observed in individuals immersed in water. 

Breeding. 

All species are viviparoua It has lately been stated that 
some of the Australian species are normally oviparous, but this has 
not been proved. The Australasian species come nearest to laying 
eggs, inasmuch as the eggs are large, full of yolk, and enclosed 
in a shell; but development normally takes jdace in the uterus, 
though, abnormally, incompletely develop Hid eggs are extruded. 

The young of P. cape mis are Ixjrn in April and May. They 
are almost colourless at birth, excepting the antennae, which are 
green, and their length is 10 to 15 mm. A large female will 
produce thirty to forty young in one year. The j)eri(xi of gesta¬ 
tion is thirteen months, that is to siiy, the ova pass into tlic 
oviducts alx)ut one month l)efore the young of the preceding ywir 
are born. They are born one by one, and it takes some time 
for a female to get rid of lier whole stock of embryos; in fact, 
the embryos in any given female differ slightly in age, thowi next 
the oviduct l)eing a little older (a few hours) than those next the 
vagina. The mother dws not apjKuir to pay any sin^cial attention 
to her young, which wander away and get their own food. 

There does not appeur to Ije any true copulation. The male 
deposits small, white, oval spermatophores, which consist of small 
bundles of spermatozoa cemented together by some glutinous 
substance, indiscriminately on any part of the Inxly of the female. 
Such sjH^rmatophores are found on the Ixslies of both males and 
females from July to January, but they aj>|)ear to Ije most nume¬ 
rous in our autumn. It seems prolnible that tlu; 8|X3rinatozoa 
make their way from the adherent sp^rmatophore through the 
laxly wall intcj the body, and so by traversing the tissues reach the 
ovary. The testes are active from June to the following March. 
From March to June the vesiculae of the male are empty. It is 
probable that spermatophores are formed in other species. 

There are no marked sexual differences, but in some species 
some of the legs of the male, often the last or penultimate, bear 
a small white papilla on the ventral surface (Fig. 6). 

Whereas in the Cape species embryos in the same uterus are 
all practically of the same age (except in the month of April, 
when two broods overlap in P. capensis), and birth takes place at 
a fixed season; in the Neotropical species the uterus, which is 
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always pregnant, contains embryos of different ages, and births 
probably take place all the year rouiiA 

In all species of Peripatus the young are fully formed at 
birth, and differ from the adults only in size and colour. 


ANATOMY 


The Alimentary Canal (Fig. 8). 


The buccal cavity, as explained above, is a secondary forma¬ 
tion around the true mouth, which is at its dorsal posterior end. 
It contains the tongue and the jaws, which have already been 



Fio. 8.— PeripfUvs rapensis dissected so as to show 
the alimentary canal, slime glands, and salivary 
glands. (After Balfour.) The dissection is viewed 
from the ventral sitle, and the lips (L) have l>een 
cut through in the middle line liehind and pulle<i 
outwards so as to expose the jaws U)t which have 
been turned outwards, and the tongue (7^ bearing 
a median row of chitiuous teeth, which branches 
behind into tw’o. The muscular pbarjnix, extend* 
ing back into the space between the first and second 
pairs of legs, is followed by a short tubular oeso- 
jihagus. The latter opens into the lai^e stomach with 
plicate<l walls, extending almost to the hind end of 
the animal. Tlie stomach at its joint of junc¬ 
tion with the rectum j>resents an S***^M^^ ventro¬ 
dorsal cutv’e. A, Anus; of, antenna; /’.2, 
first and second feet; jy jaws; L, lijxs ; or, 
oesophagus ; or.;#, oral jmpilla ; phy pharynx ; /f, 
rectum ; salivary duct; a.flr, salivary gland; 
sf.dy slime reservoir; sl.g^ jortion of tubules of 
slime gland ; af, stomach; 7, tongue in roof of 
mouth. 


deacrilx^d, uml into the hind end of it there opens ventrally by a 
median opening tlie salivary glands The mouth leads into 

a muscular pharynx (ph), which is connected by a short oeso¬ 
phagus (ae) with a stomach (st). The stomach forms by far the 
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largest part of the alimentary canal. It is a dilated soft-walled 
tube, and leads behind into the short narrow rectum (72), which 
opens at the anus. There are no glands opening into the 
alimentary canal 

Nervous System. 


The central nervous system consists of a pair of supm- 
oesophageal ganglia united in the middle line, and of a pair of 
widely divaricated ventral cords, continuous in front with the 
supra-oesophageal ganglia (Fig. 9). 

The ventral cords at first sight aj^pear to ]ye without gangli¬ 
onic thickenings, but on more careful examination they are 
found to 1)6 enlarged at eiich pair of legs (Fig. 9). These enlarge¬ 
ments may be regarded as imperfect ganglia. There are, there- 



Fkj. 9.—Braiii and anterior part of the ventral nerve- 
cords of Peripatua rapensis cidargfNl and viewed 
from the ventral surface. (After Balfour.) The 
paireii appendages {d) of the ventral surface of the 
brain are seen, and the )>air of sympathetic nerves 
(ay) arising from the ventral surface of the hinder 
part. From the comiiieuceiueiit of the oesopha¬ 
geal com miss II res pa.ss off on each side a pair of 
nerves to tiie jaws (//?). The tliree anterior 
commissures Ijetween the ventral nerve-cords are 
placeil close together; immediately l^ehiud them 
the nerve-cords are swollen, to form the ganglionie 
enlargements from which })ass off to the or:d 
{lapillae a pair of large nerves on each side (ora). 
Behind this the cords present a series of enlarge¬ 
ments, one pair for each pair of feet, from which a 
pair of large nerves pass off on each side to the feet 
(^n). AiittMinary nerves ; co, comintssures 

between ventral cords; (f, ventral appendages of 
brain ; eye ; rn, nerves passing outwards from 
ventral coni; A'^.l, ganglionic enlargements from 
which nerves to feet paas off; jn^ nerves to jaws ; 
org^ ganglionic enlargement from which nerves to 
oral papillae pass off; orn, nerves to oral papillae ; 
pc^ {KMterior lobe of brain ; pn^ nerves to feet; 
ay, sympathetic nerves. 


fore, as many pairs of ganglia as there are pairs of legs. There 
is in addition a ganglioniu enlargement at the comm^cement of 
the oesophageal commissures, where the nerves to tho oral papillae 
are given off (Fig. 9, or.g). 

The ventral cords are placed each in the lateral compart* 
ments of the body cavity, immediately within the longitudinal 
layer of muscles. They are connected with each other, rather 
like the pedal nerves of Chiton and the lower Prosobranchiata, 
by a number of comnussures. These commissures exhibit a 
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fairly regular arrangement from the region included between the 
first and the last pair of true feet. There are nine or ten of them 
between each pair of feet. Tiiey pass along the ventral wall of 
the body, perforating the ventral mass of longitudinal muscles. 
On their way they give of!* nerves which innervate the skin. 

Posteriorly the two nerve-cords nearly^ meet immediately in 
front (f the generative aperture, and then, bending upwards, fall 
into each other dorsally to the rcxitum. They give off a series 
of nerves from their outer borders, which present throughout 
the trunk a fairly regular arrangement. From each ganglion 
two large nerves {pn) are given off, which, diverging somewhat 
from e.ach other, pass into the feet. 

From the oesophageiil commissures, close to their junction 
with the supra-oesophageiil ganglia, a nerve arises on each side 
which passes to the jaws, and a little in front of this, apj>arently 
from the supra-oesophageal ganglion itself, a second nerve to the 
jaws also takes its origin. 

The supra-oesophageal ganglia (Fig. 9) are large, somewhat 
oval masst^s, broader in front than liehind, completely fused in 
the middle, but free at their extremities. Each of them is pro¬ 
longed anteriorly into an anteniiary nerve, and is continuous 
l)ehind with one of the oesophageal commissures. On the 
ventral surhice of each, rather behind the level of the eye, is 
placed a hollow protulx'rance (Fig. 9, d\ of which I shall say 
more in dealing with the development. About one-third of the 
way back the two large optic nerves ttike their origin, arising 
laterally, but ratlier from tlie dorsal surface (Fig. 9). Eiicli of them 
joins a large ganglionic mass placed imnuHliately l)ehind the retina. 

The histology of the ventral cords and oesophageal commis¬ 
sures is very simple and \iniform. They^ consist of a cord almost 
wholly formed of nerve-tibres placed dorsalljr, and of a ventral 
layer of ganglion cells. 

The Body Wall 

The skin is formed of three lay^ers, 

(1) The cuticle. 

(2) The epidermis or hypodennis. 

(3) The dermia 

The cuticle is a thin layer. The spines, jaws, and claws are 
special developments of it. Its surface is not, liowever, smooth. 
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but is everywhere, with the exception of the perioral region, 
raised into minute secondary papillae, which in most instances 
bear at their free extremity a somewhat prominent spina The 
whole surface of each of the secondary papillae just described is 
in its turn covered by numerous minute spinous tubercles. 

The epidermis, placed immediately within the cuticle, is 
composed of a single layer of cells, which vary, however, a good 
deal in size in different regions of the bcnly. The adls excrete 
the cuticle, and they stand in a very remarkable relation to the 
secondary papillae of the cuticle just de8c*riljed. Rich epidermis 
cell is in fact placed within one of these secondary papillae, so 
that the cuticle of each secondary papilla is the product of a 
single epidermis cell. The pigment which gives the characteristic 
colour to the skin is deposited in the protoplasm of tlie outer ends 
of the cells in the form of small granuk^s. 

At the ajxjx of most, if not all, the primary wart-like papillae 
there are present oval aggi*egations, or masses of epidermis cells, 
each such mass being enclosed in a tliickish capsule and In^aring a 
long projecting spine. These structures are probably tactile organs. 
In certain regions of tlie Ixxly th(‘y are extremely numerous; more 
especially is this the case in the antennae, lips, and oral papillae. 
On the ventral surface of the jK^ripheral rings of the thicker 
sections of the feet they are also very thickly set and fused together 
so as to form a kind of pad (Figs. 6 and 7). ’ In the antennae 
they are thickly set side by side on the rings of skin which give 
such an Arthropodan appearance to these organs in PerijHitus, 

The Tracheal System. 

The apertures of the tracheal system are placed in the depres¬ 
sions l)etween the papillae or ridges of the skin. Each of them 
leads into a tube, which may be called the tracheal pit (Fig. 10), 
the walls of which are formed of epithelial cells bounded towards 
the lumen of the pit by a very delicate cuticular membrane con¬ 
tinuous with the cuticle covering the surface of the l)ody, * The 
pits vary somewhat in depth ; the pit figured was alxjut 0 09 mm. 
It perforates the dermis and terminates in the subjacent muscular 
layer. 

Internally it expands in the transverse plane and from the 
expanded portion the tracheal iulies arise in diverging bundles. 
Nuclei similar in character to those iii the walls of the tracheal 
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pit are placed between the tracheae, and similar but slightly more 
elongated nuclei are found along the bundlea The tracheae are 
minute tubes exhibiting a faint transverse striation which is prob¬ 
ably the indication of a spiral fibre. They appear to branch, but 


Flo. 10.—Section through a tracheal 
pit and diverging bundles of 
tracheal tubes taken transversely 
to the long axis of the body. 
(After Balfour.) </*, Tracheae, 
showing rudimentary spiral fibre ; 
tr.c^ cells resembling those lining 
the tracheal pits, which occur at 
intervals along the course of the 
tracheae ; fr.o, tracheal stigma; 
(r,pf tracheal pit. 


only exceptionally. The tracheal apertures are diffused over the 
surface of the body, but are especially developed in certain regions. 

The Muscular System. 

The general muscular system consists of—(1) the general 
wall of the Ixxly; (2) the muscles connected with the mouth, 
pharynx, and jaws; (3) the musfdes of the feet ; (4) the musedes 
of the alimentary tract. 

The muscular wall of the body is formed of—(1) an external 
layer of circular fibres; (2) an internal layer of longitudinal 
muscles. 

The main muscles of the body are unstriated and divided into 
fibres, each invested by a deli(*ate membrane. The muscles of the 
jaws alone are transversely striated. 

The Vascular System. 

The vascular system consists of a dorsal tubular heart with 
paired ostia leading into it from the j)ericardiuin, of the pericar- 
diuin^ and the various other divisions of the perivisceral cavity 
(Fig. 14, D). As in all Arthropotla, the jierivisceral cavity is « 
haemcx^oele; i.e, it contains blood and forms part of the vascular 
system. The heart extends from close to the hind end of the 
IxKiy to the head. 
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The Body Cavity. 

The body cavity is formed of four compartments—one central, 
two lateral, and a pericardial (Fig, 14, D). The former is by far 
the largest, and contains the alimentary tract, the generative 
organs, and the slime glands. It is lined by a delicate endo¬ 
thelial layer, and is not divided into coinj)artments nor traversed 
by muscular fibres. ^ The lateral divisions are much smaller than 
the central, and are sliut off from it by the inner transverse band 
of muscles^' They are almost entirely fi lied \with the nerve-cord 
and salivary gland^in front and with the nerve-cord alone l»ehind, 
and their lumen is broken up by muscular bands. They further 
contain^the nephridia.^* They are prolonged into the feet, as is the 
embryonic Ijody cavity of most Arthroj>oda. The pericardium con¬ 
tains a peculiar cellular tissue, probal)ly, as suggested by Moseley, 
equivalent to the fat-bodies of insects. 

Nephridia. 

In Peripatvs eajiensis nephridia are present in all tlie lega 
In all of them (except the first three) the following parts may 
be recognised (Fig. 11):—• 

(1) A vesicular portion opening to the exterior on the ventral 

surface of the legs by a nariow pissiige. 

(2) A coiled portion, whicli is again subdivided into several 

sections. 

(3) A section with closely packed nuclei ending by a some¬ 

what enlarged ojiening. 

(4) The terminal portion, which consists of a thin-waUed 

vesicle. > 

The last twelve pairs of these organs are all ccmstructed in a 
very similar manner, while the two pairs situated in the fourth 
and fifth pairs of legs are considerably larger than those behind, 
and are in some respects very differently constituted. 

It will Ije convenient to commence with one of the hinder 
nephridia. Such a nep^idium from the ninth pair of legs is 
represented in Fig. 11. The external opening is placed at the 
outer end of a transverse groove at the base of one of the legs, 
while the main portion of the organ lies in the body cavity in 
the base of the leg, and extends into the trunk to about the level 
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of the outer edge of the nerve-cord of its side. The external 
opening ( 0 . 5 ) leads into a narrow tube which gradually 
dilates into a large sac (s).) Th^ narro^^(!^a|:t is lined by sraall 
epithelial cells, which are directly continuous with and perfectly 
similar to those of the epidermia The sac itself, which forms a 
kind of bladder or collecting vesicle' for the organ, is provided 
with an extremely thin wall, lined- with very large flattened cells. 
The second section of the iiephridium is formed by the coiled 
tube, the epithelial lining of which varies slightly in the different 
parts. The third secticni constitutes the most distinct 

portion of the*, whole organ. ' Its walls are formed of columnar 
cells almost filled by oval nuclei, which absorb colouring matters 
with very great avidity, and thus render this part extremely 

Fia. 11.—Nephriiliiiin from tlie 
9th pair of legs of I*, capensis. 

External opening of seg¬ 
mental organ ; pj‘, internal 
opening of iiephridium into 
the body cavity (lateral com- 
I>artment); a, vesicle of s^- 
mental organ ; s.cA^ 8,c,2, 
s.cAf successive regions 
of coileil portion of nephri- 
dium; s,o.t^ third portion of 
Iiephridium broken off at p^ 
from the internal vesicle, which 
is not shown. 

conspicuous. The nuclei are arranged in seveml rows. It ends 
by opening into a vesicle (Fig. 14, D), the wall of which is so 
delicate that it is destroyed when tlie nephridium is removed 
from the body, and consequently is not shown in Fig. 11. 

The fourth and fifth pairs are very considerably larger than, 
those liehiiid, and are in other respects peculiar. The great mass 
of each organ is placed behind the leg on which the external 
opening is placed, immediately outside one of the lateral nerve- 
corda The external opening, instead of being placed ibMr the 
base of the leg, is placed on the ventral side of the tliird ring 
(counting from the outer end) of the thicker portion of the leg. 
It leads into a portion which clearly corresponds with the. e.ollect- 
ing vesicle of the hinder nephridio. This part is not, however, 
dilated into a vesicle. The three pairs of nephridia in the three 
foremost pairs of legs are rudimentary, consisting solely of a 
vesicle and duct. The salivary glands are the modified nephridia 
of the St^gment of the oral papillae, 
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Generative Organs. 

V Male. —The male organs (Fig. 12) consist of a pair of testes 
(te), a pair of vesicles (v), vasa deferentia (v.d), and accessory 
glandular tubules (/). All the above parts lie in the central 
compartment of the body cavity. In P. capensis the accessory 
glandular bodies or crural glands of the last (17th) pair of legs 
are enlarged and prolonged into an elongated tube placed in the 
lateral compartment of the body cavity {a,g). 

The right vas deferens passes under both nerve-cords to join 



Pio. 12. —Male generative oi^ns of Peripai'os capensis^ viewed from the dorsal surface. 
(After Balfour.) a.^, Enlaiged crural glands of last pair of legs ; /MS, 17, last pairs 
of legs ; /, small accessory glandular tubes ; common duct into which the vasa 
deferentia open; fe, testis; v, seminal vesicle ; r.c, nerve*cord ; v.if, vas deferens. 

the left, and form the enlarged tube (p), which, passing l)eneath 
the nerve-cord of its side, runs to the external orifice.^ The 
enlarged terminal portion possesses thick muscular walls, and 
possibly constitutes a spermatophore maker, as has been shown to 
be the case in P. N. Zealandiae, by Moseley. In some specimens, 
a different arrangement obtains, in that the left vas deferens 
passes rmder both nerve-cords to join the right. 

C Fkmaue.—T he ovaries consist of a pair of tubes closely ap¬ 
plied together, and continued posteriorly into the oviducts. The 
oviducts, after a short course, become dilated into the uteruses, 
which join behind and open to the exterior by a median 
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opening. The ovaries always contain spermatozoa, some of which 
project through the ovarian wall into the body cavity. Sperma¬ 
tozoa are not found in the uterus and oviducts, and it appears 
probable that they reach the ovary directly by boring through 
the skin and traversing the body cavity.^ i In the neotropical 
species there is a globular receptaculum seniinis opening by two 
short ducts close together into the oviduct, and there is a small 
receptaculum ovorum with extremely thin walls opening into the 
oviduct by a short duct just in front of the receptaculum seminis. 
The epithelium of the latter structure is clothed with actively 
moving cilia. In tlie New Zealand species there is a receptaculum 
seminis with twr) ducts, but the n^ceptacula ovorum have nut 
l)een seen. 

There appear to l)e present in most, if not <all, the legs some 
accessory glandular structiires o^xuiing just externally to the 
nephridia. They are called the crimil glands. 

DEVELOPMENT. 

As stated at tlie outsc^t, Peripatus is found in three ^ of the 
great regions, viz. in Africa, in Australasia, and in South America 
and the West Indies. It is a curious and remarkable fact that 
althougli the species found in these various localities are really 
closely similar, the principal differences relating to the structure 
of tlie female generative organs and to the nunilKn' of the legs, 
they do differ in the most striking manner in the structure of 
the ovum and in the early development. In all the Austral¬ 
asian spt^cies the egg is large and heavily charged with foml- 
yolk, and is surrounded by a tough membrane. In the Cape 
species the eggs are smaller, though still of considerable size; the 
yolk is mitch less develoix*d, aiul the egg membrane is thinner 
though dense. In the neotropical s^xicdes the egg is minute 
and almost entirely devoid of yolk. The unsegmented uterine 
ovum of P. Nhrae-Zealandim measures 1*5 mm. in length by *8 mm. 
in breadth ; that of P. capemis is *56 miiL in length; and that 
of P. Trinid(uhim8 *04 mm. in diameter. In correspondence 
with these differences in the ovum thei'e are differences in tlie 
early development, though the later stages are closely similar. 
But unfortunately the development has only been fully worked 

* See Whitman, Journal of Morphology^ vol. i. * See below, p. 24. 
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out in one species, and to that species—P. capensis —the follow¬ 
ing description refera The ova are apparently fertilised in the 
ovaiy, and they pass into the oviducts in April and May. In 
May the brood of the preceding year are born, and the new ova, 
which have meanwhile undergone cleavage, pass into the uterus. 
There are ten to twenty ova in each uterus. The segmentation 
is peculiar, and leads to the formation of a solid gastrula, consisting 
of a cortex of ectoderm nuclei surrounding a central endodermal 
mass, which consists of a much-vacuolated tissue with some 



Pio. 13.—A Reries of embryos of P. capensis. The hind end of embryos B, C, D is 
uppermost in the figures, the primitive streak is the white patch behind the blasto¬ 
pore. (After Sedgwick.) A, Gastrula stage, ventral view, showing blaHtopore 
B, Older gastrula stage, ventral view, showing elongated blastopore and primitive 
streak. C, Ventral view of embryo with three pairs of mesoblastic somites, dumb¬ 
bell-shaped bIa.stopore and primitive streak. D, Ventral view of embryo, in which 
the blastopore has completely closed in its middle }K>rtion, and given rise to two 
openings, the embryonic mouth and anus. The anterior pair of somites have 
mored to the front end of the body, and the primitive groove has appeared on the 
primitive streak. E, Side view of embryo, in which the hind end of the body has 
begun to elongate in a spiral manner, and in which the appendages have begun. 
AU antenna ; d, dorsal projection ; /i.s, preoral somite. P, Ventral view of head of 
embryo intermediate between E and G. The cerebral grooves are wide and shallow. 
The lips have appeared, and have extended l)ehind the openings of the salivary 
glands, but have not yet joined in the middle line. At^ antennae; c.^, cerebral 
groove ; y, jaws ; swelling at base of jaws ; lips ; M, mouth ; or.p, oral papillae ; 

0 .S, opening of salivary gland. O, Bide view of older embryo with the full number 
of appendages, to show the po.sition in which the embryos lie in the uterus. 


irr^ilarly-shaped nuclei. The endoderm moss is exposed at one 
point—the blastopore (gastrula mouth). The central vacuoles 
of the endoderm now unite and form the enteron of the embryo,- 
and at the same time the embryo elongates into a markedly oval 
form, and an opacity—the primitive streak—appears at the hind 
end of the blastopore (Fig. 13, B). This elongation of the embryo 
is accompanied by an elongation of the blastopore, which soon 
becomes dumb-bell shaped (Fig. 13, C). At the same time tlie 
mesoblastic somites (embryonic segments of mesoderm) liave made 
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their appearance in pairs at the hind end, and gradually travel for¬ 
ward on each side of the bhistopore to the front end, where the 
somites of the anterior pair soon meet in front of the blastopore (Fig. 
13, D). Meanwhile the narrow middle part of the blastopore has 
closed by a fusion of its lips, so that the blastopore is represented 
by two openings, the future mouth and anus. A primitive groove 
makes its appearance behind the blastopore (Fig. 13, D). At 
this stage the hind end of the body becomes curved ventrally 
into a spiral (Fig. 13, E), and at tiie same time the appendages 
appear as hollow pnx^sse^ of the body wall, a mesoblastic.— 
somite being prolonged into each of them. The first to appear 
are the antennae, into wliich the praeoral somites are prolonged. 
The remainder api)car from Ijefore backwards in regular order, 
viz. jaw, oral papillae, legs 1-17. The full number of somites 
and their appendages is not, however, completed until a later 
stage. The nervous system is formed as aii annular thickening 
of ectoderm passing in front of tlie mouth and Ix^hind the anus, 
and lying on each side of tlie blastopore along the lines of the 
somitea The j>raeoral part of this thickening, which gives rise to 
the cerebral ganglia, Womes pitted inwards on each side (Fig. 13, 
F, r.//). These pits are eventually closed, and form the hollow 
ventral apj)endages of tlie supra-pharynge^l ganglia of the adult 
(Fig. 9, d). Tlie lips are formed as folds of the side wall of the 
Ixidy, extending from the praeoral lobes to just l>ehind the jaw 
(Fig. 13, F, A), They enclose the jaws mouth (3/), and 
opening of the salivary glands and so give rise to the buccal 
cavity. The embryo has now lost its spiral curvature, and 
becomes completely doubled upon itstdf, the hind end lieing in 
contact with the mouth (Fig. 13, G). It remains in this position 
until birth. The just-born young are from 10-15 mm. in length 
and have green antennae, but the rest of the body is either quite 
white or of a reddish colour. This red colour differs from the 
colour of the adult in lieing soluble in spirit. 

The inesoblastic somites are paired sacs formed from the 
anterior lateral portions of the primitive streak (Fig. 13, C). 
As they are formed they become placed in pairs on each side of 
the blastopore. The sorhites of the first pair eventually obtain a 
position entirely in front of the blastopore (Fig. 13, D). They 
form the somites of the praeoral lobea The full complement of 
somites is acquired at about the stage of Fig. 13, K The relations 
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of the somites is shown in Fig. 14, A, which represents a transverse 
section taken l)etween the mouth and anus of an embryo of the 
stage of Fig. 13, 1). The history of these somites is an exceed¬ 
ingly interesting one, and may he descril)ed shortly as follows^ 
They divide into two parts—a ventral part, which extends into 



Fig. 14. —A series of diagrams of transverse .sections through Perijmtvs embryos to 
show the relations of the coelom at successive stages. (After Sedgwick.) A, Early 
stage: I, gut; 2, inesobla.stic somite ; no trace of the vascular spacre ; endoderni 
and ecto<lerni in contact. B, Endoderin has separated from the dorsal and ventral 
ectoderm. The somite is represented as having divided on the left side into a 
dorsal and ventral portion : 1, gut; 2, somite ; 3, haemocoele. C, The haeniocoele 
(3) has become divided up into a number of spaces, the arrangement of which is 
unimportant. The dorsal part of each somite has travelled dorsalwards, and now 
constitutes a small space (triangular in section) just dorsal to the gut. The ventral 
|>ortion {2') has assumed a tubular character, and has acquired an external opening. 
The internal vesicle is already indicated, and is shown in the diagram by the thinner 
black line : 1, gut; 2\ nephridial part of coelom ; 3; haemocoele ; 3^ part of 
haemocoele w'hich will form the heart—the part of tlie haemocoele on each side of 
this will form the pericardium ; 4, nerve-cord. D represents the conditions at 
the time of birth; numbers as in C, except 5, slime glands. The coelom is re¬ 
presented as surrounded by a thick black line, except in the part which forms the 
internal vesicle of the nephridium. 


the appendage, and a dorsal part (Fig. 14, B). The ventral part 
acquires an opening to the exterior just outside the nerve-cord, 
and becomes entirely transformed into a nephridium (Fig. 14, 
D, 2'). The dorsal part shifts dorsalwards and diminishes rela¬ 
tively in size (Fig. 14, C). Its fate differs in the diflTerent parts 
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of the body. In the anterior somites it dwindles and disappears, 
but in the posterior part it unites with the dorsal divisions of 
contiguous somites of the same side, and forms a tube—the 
generative tube (Fig. 14, .13, 2). The last section of this tul^e 
retains its connexion with the ventral portion of the somite, and 
so acquires an,external oj)ening, which is at first lateral, but soon 
shifts to the middle line, and fuses with its fellow, to form the 
single generative opening. The praeoral somite develops the 
rudiment of a nephridium, but eventually entirely disappears. 
The jaw somite also disappears; the oral papilla somite forms 
ventrally the salivary glands, which are thus serially homologous 
with nephridia. The perivisceral cavity of Peripatus is, as in all 
Arthropoda, a haemocoele. Its various divisions develop as 
a series of spaces l)etween the ectoderm and endoderm, and 
later in the mesoderm. The mesoderm seems to be formed 
entirely from the proliferation of the cells of the mesoblastic 
somites. It thus appears that in Peripatus the coelom does not 
develop a j>erivisceral portion, but gives rise only to the renal 
and reproductive organs. 


APPENDIX^ 

Peripatus, Guilding 

Soft-bodied vermiform animals, with one pair of ringed antennae, one 
pair of Jaws, one pair of oral papillae, and a varying numlier of claw-bearing 
ambulatory legs. Dorsal surface arched and more darkly pigmented than 
the flat ventral surface. Skin transversely ridged and l)eset by wart-like 
spiniferoiis papillae. Mouth anterior, ventral; anus posterior, terminal 
Generative opening single, median, ventral, and jwsterior. One pair of 
simple eyes. Brain large, with two ventral hollow appendages; ventral 
cords widely divaricated, without distinct ganglia. Alimentary canal simple, 
uncoiled. Segmentolly arranged, paired nephridia are present. Body cavity 
is continuous with the vascular system, and does not communicate with the 
paired nephridia. Heart tubular, with paired ostia. Respiration by means 
of tracheae. Dioecious; males smaller and generally less numerous than 
females. Generative glands tubular, continuous with the ducts. Viviparous. 
Young born fully developed. They shun the light and live in damp places 
beneath stones, leaves, and bark of rotten stumps. They eject when irritated 
a viscid fluid through openings at the apex of the oral papillae Distribu- 

^ Cf., in addition to the works quoted on pp. 3, 4 : A. Willey, ** Ptripaius novae^ 
hril(mni(u^*\XiZoological i.,Cambridge, 1398; L. Bouvier, **Cont. k rhiatoire 
des P^ripates am4ricaln8,*' Ann. Soc, Entomol. de France^ Ixviii., 1899; W. F. 
Purcell, ** Anatomy of OpisthopcUus cindipc^^*' Annals of the S. African Museum^ 
ii. 1900. R. Evans, ^tiar^ J. Mier. Sd. xliv., 1901, pp. 473, 539. 
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tion: South Africa (Cape Colony, Natal, and the Gaboon), New Zealand, 
Australia and Tasmania, New Britain, South and Central America and the 
West Indies, the Malay Peninsula [and Sumatra ?]. 

The genus Peripatus, so far as adult conformation is concenied, is a very 
homogeneous one. It is true, as was pointed out by Sedgwick, that the species 
from the same part of the world resemble one another more closely than 
they do species from other r^oiis, but recent researches have shown that 
the line between them cannot be so sharply drawn as was at firat supposed, 
and it is certainly not desinible in the present state of our knowledge to 
divide them into generic or subgeneric groups, as has been done by some zoolo- 
gistSi.^ The colour appears to be highly variable in species from all regions; 
it is perhaps more constant in the species from the Neotropical region than 
in those from elsewhere. The number of legs tends to be variable whenever 
it exceeds 19 pregenital pairs ; wdien the number is less than that, it is usually, 
though not always, constant More constant points of difference are the form 
of the jaws, the position of the generative orifice, the presence of a recepta- 
culum seminis and a receptaculum ovorum, the arrangement of the primary 
papillae on the distal end of the feet, and al)Ove all the early development 

South African Species. —AVith three spinous pads on the legs and feet, 
with two primary papillae on the anterior side and one on the posterior 
side; outer jaw with one minor tooth at the l)ase of the main tooth, inner 
jaw with no interval between the large tooth and the series of small ones; 
last fully developed leg of the male with enlarged crural gland opening on a 
laige papilla placed on its ventral surface ; coxal organs ^ al>sent; the nephri- 
dial openings of the 4th and 5th pairs of legs are placed in the proximal 
spinous pad. Genital opening subterminal, behind the last pair of fully devel¬ 
oped legs; oviduct without receptacula seminis or receptacula ovorum; the ter¬ 
minal unpaired portion of the vas deferens short. Ova of considerable size, but 
with only a small quantity of yolk. The embryos in the uterus are all nearly of 
the same age, except for a month or two before birth when two broods overlap. 

The following species are aljerraiit in respect of these characters: "Pm- 
patus (ppisthopattui) cinctipes^ Purcell (Cape Colony and Natal), presents a few 
Australasian featuresthere is a small receptaculum seminis on each oviduct, 
some of the legs are provided with well-developed coxal organs, the feet 
have one anterior, one posterior, and one dorsal papilla, and the successive 
difference in the ages of the embryos in the uterus, though nothing like that 
found in the Neotropical species, is slightly greater than that found in other 
investigated African species. Several pairs of legs in the middle region of 
the body are provided with enlarged crural glands which open on a large 
papilla. Male with four accessory glands, opening on each side of and behind 
the genital aperture. tholUmi Bouvier, Equatorial West Africa (Gaboon) 
shows some Neotropical features; there are 24 to 25 pairs of legs, the 

^ The following genera or subgenera have been proposed: Peripalus for the 
Neotropical species, Peripaioides for the Australasian, PeripatopnB and Opisthopatus 
for the African, Paraperipatus for the New Britain Species, and EoperipaluB for the 
' Malay species. 

* Coxal organs are furrows on the ventral surface of some of the legs, with tumid 
lips and lined by smooth non-tuberculate epithelium. It appears that they can be 
everted. 
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genital opening is between the penultimate legs, and though there are only 
tiiree spinous pads, the nephridial openings of the 4th and 5th legs are 
proximal to the 3id pad, coxal organs are present, and the jaws are on the 
Neotropical type; the oviducts have receptacula seniinis. (^Ihe following 
South African species may be mentioned : P. ca 2 )enm Gnibe, with 17 (rarely 
18) pairs of claw-bearing legs ; P, balfouri Sedgw., with 18 (rarely 19) pairs ; 
P, moseleyi Wood-M., with 20 to 24 j)airs. . 

Australasian Species. —With 14, 15, or 16 pairs of claw-bearing ambu¬ 
latory legs, with 3 spinous pads on the legs, and nei)hridial opening of the 
4th and 5th legs on the proximal j)ad; feet with one anterior, one posterior, 
and one dorsal primary paj)illa; inner jaw without diastema, outer with or 
without a minor tooth. Last leg of the male with or without a large white 
papilla on its ventral surfac-e for the opening of a gland; marked i)apillae 
for the crural glands are sometimes i)resent on other legs of the male; well- 
developed coxal glands aVsent. Genital opening between the legs of the last 
pair ; oviducts with receptacula seminis, without receptacula ovonim ; the ter¬ 
minal portion of the vas deferens long and complicated; the accessory male glands 
open between the genital aj)erture and the anus, near the latter. Ova large 
and heavily chargt?^ with yolk and provided with a stoutish shell The uterus 
appears to contain embryos of different ages. ^ Specimens are recorded from 
West Australia, Queensland, New South Wales, Victoria, and New Zealand. 

The Australasian species arc in some confusion. The number of claw¬ 
bearing legs varies from 14 to 16 pairs, but the number most often found is 
16. Whether the number varies in the same species is not clear. There 
appears to Ixj evidence that some species are occasionally or normally oviparous, 
and in the supposed ovij)arous species the oviduct opens at the end of a papilla 
called from its sui)pased function an ovipositor, but ^e oviparity has not yet 
Ix^en certainly proved as a normal occurrence. Among the species described 
may be mentioned P, leuckarti Sanger, P, indgnis Dendy, P. ovi^nirus Dendy, 
P. virtdimaculatiis Dendy, P. novae-zealandiae Hutton, but it is by no means 
certain that future re.searoh will maintain these. Mr. J. J. Fletcher indeed is of 
opinion that the Australian forms are all varieties of one species, P. leuckarti. 

Neotropical Species. —With 3 to 5 spinous pads on the legs, nephridial 
opening of the 4th and 5th legs usually proximal to the third pa<i, and. 
feet cither with two primary papillae on the anterior side and one on the 
]) 08 terior, or with two on the anterior and two on the posterior; outer jaw 
with small minor tooth or tl^eth at the base of the main tooth, inner jaw 
with diastema. A variable numlier of |> 08 terior legs of the males anterior to 
the genital opening with one or two lai^ papillae carrying the openings 
of the crural glands; well develoi)ed coxal organs present on most of the 
lega The primary papillae usually divided into two portions. Genital 
opening between the legs of the penultimate pair; oviduct provided wdth 
receptacula seminis and ovorum; unpaired part of vas deferens long and 
complicated; accessory organs of male opening at the sides of the anus. Ova 
minute, with little food-yolk ; embryos in the uterus at very different stages 
of development The number of legs usually if not always variable in the same 
species; the usual^ number is 28 to 32 pairs, but in some species 40 to 43 
pairs are found. . The Neotropical species appear to fall into two groups: 
(1) the so-called Andean species, viz., those which inhabit the high plateaux 
or Pacific slope of the Andes; in these there are 4 (sometimes 5) j^edal 
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papillae, and the nephridial openings of the 4 th and 6th legs are on the 3rd 
pad; and (2) the Caribbean species, viz. the remaining Neotropical species, 
in which there are 3 papillae on the foot and the nephridial openings of 
the 4 th and 5 th legs are between the 3rd and 4 th pads. The Andean species 
are P. eisenii Wh., P. tuherculatus Bouvier, P. lankesteri Bouv., P. quitensis 
Schm., P. corradi Cam., P. camneranoi Bouv., and P. halzani Cam. 

Of the remaining species, which are the majority, may be mentioned, P. 
edwdrdiii Blanch., P. jamaicends Gr. and Cock., P. trinidadensis Sedgw., 
P, torquatxis Ken., P. imthurmi Scl. ) 

New Britain Peripatns.—With 22 to 24 pairs of claw-bearing legs, 
with three spinous pads on the legs, and nephridial openings of legs 4 and 5 
(sometimes of 6 also) on the proximal pad ; feet with one primary papilla on 
the anterior, one on the posterior side, and one on the dorsal side (median 
or submedian); outer jaw with a minor tooth, inner jaw without diastema; 
crural glands absent; well-developed coxal organs absent. Genital opening 
subterminal, behind the last pair of legs; oviduct with receptaculiim seminis, 
without receptaculum ovorum; unpaired part of vas deferens very short; 
accessory glands two, opening medianly and doreally. Ova small, *1 mm. in 
diameter, with little yolk ; the embryos are ]>rovided with large trojdiic 
vesicles (Willey). Embryos in the uterus of very different ages and probably 
bom all the year round. 

But one species known, P. novae-hritanniae Willey, 

Bnmatraa ^ Peripatus.—Peripatus with 24 pairs of ambulatory legs, and 
4 spinous pads on the legs. The primary papillae of the Neotropical character, 
with conical bases. Generative opening Wtween the legs of the penultimate 
pair. Feet with only two papillae. Single species. P. sumatranus Sedgw. 

PerijMtus from the Malay Peninsula.**^—With 23 to 25 ])airs of claw¬ 
bearing legs, 4 spinous pads on the legs, and nephridial t)penings of legs 4 
and 6 in the middle of the proximal pad or on its proximal side ; feet with 2 
primary papillae, one anterior and one posU^rior ; ouUt jaw with 2, inner jaw 
with 2 or 3 minor teeth at base oi main tooth se}>aratiMi by a diastema from 
the row of small teeth ; cmral glands presiuit in male only, in the two pairs 
of legs preceding the generative ojiening; coxal organs im^sent. Genital 
0 {)ening l^etw'een the penultimate legs; oviduct with receptacula seminis and 
ovorum; unj»aired part of vas deferens long; male accessory glands two, 
opening medianly between tlie legs of the last ]>air. Ova large with much 
yolk and thick membrane, like those of Australasian species; embryos with 
slit-like blastopore, and of very diflerent ages in the same uterus, prol^ably 
bom all the year round. ( The species are A weldoni Evans, P. horsti Evans, 
and P. hutleri Evans. It will thus be seen that the Malay species while 
resembling the Neotropical species in the generative organs, differ from these 
in many features of the legs and feet, in the important characters furnished 
by the size and structure of the ovum, and by the early development. 


^ The existence of this species is doubtful. The description of it was taken 
a singe specimen. The evidence that this specimen was found in Sumatra is 
not conclusive. 

’ I am indebted to Mr. R. Evans and the Editors of the Quart J, Micr, 
Set, for permission to see proofs of Mr. Evans’ papers in vol. xliv. of that 
journal. 
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CHAPTER II 

MYRIAPODA 

INTRODUCTION-HABITS-CLASSIFICATION-STRUCTURE-CHILO- 
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OPODA-EMBRYOLOGY-PALAEONTOLOGY. 

Tracueata with separated head and numerous, fairly similar 
segments. They have one pair of antennae, two or thre^j pairs 
of mouth apj)endages, and numerous pairs of legs. 

The Myriapoda are a class of animals which are widely 
distributed, and are represented in almost every part of the 
globe. Heat and cold alike seem to offer favourable conditions 
for their existena*., and they flourish both in the most fertile 
and the most barren countries. 

They have not attracted much notice until comparatively 
recent times. Compired with Insects they have been but little 
known. The reason of this is not hard to find. The Myriapods 
do not exercise so much direct influence on hiunan affairs as 
do some other classes of animals; for instance, Insects. They 
include no species which is of direct use to man, like the silk¬ 
worm or the cochineal insect, and they are of no use to him as 
food. It is true that they are injurious to his crops. For instixnce, 
the specieii of Millepede known as the " wire worm ” ^ is extremely 
harmful; but this has only attracted much notice in modern 
times, when land is of more value than formerly, and agricul¬ 
ture is pursued in a more scientific manner, and the constant 
endeavour to get the utmost amount of crop from the soil has 
caused a minute investigation into the various species of 
animals which are noxious to the growing crop. The species of 

* Not to bo confused with the larva of EUUer linecUus^ also known as wire-worm.** 
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Myriapoda best known to the ancients were those which were 
harmful to man on account of their poisonous bite. 

Some writers have supposed that the word which is trans¬ 
lated "mole” in the Bible (I^v. xi. 30) is really Scolopendra 
(a genus of Centipede), and, if this is so, it is the earliest men¬ 
tion of the Myriapods. They were rarely noticed in the classical 
times; almost the only mention of them is by ^.liaii, who says 
that the whole population of a town (Milled Rhetium were driven 
out by a swarm of Scolopendras. Pliny tells us of a marine Scolo¬ 
pendra, but this was most probably a s])ecies of marine worm. 

Linnaeus included Myriapods among the Insects; and the 
writers after him till the beginning of this century classed them 
with all sorts of Insects, with Spiders, Scor})ions, and even among 
Serpents. It was I^ach who first raised them to the importance 
of a separate class, and Latreille first gave them the name 
of Myriapoda, which they have retained ever since. 

Myriapods are terrestrial animals, crawling or creeping on 
the ground or on logs of wood, or even under the bark of trees. 
There is, however, a partial exce|)tion to this; various naturalists 
have from time to time given descriptions of marine Centijs^des. 
These are not found in the scmi, but crawl about on the sliore, 
where they are submerged by each tide. A Geophilits of this 
sort has been found in Jersey by Mr. Sinel,^ thus living a semi- 
aquatic life. Professor F. Plateau, experimenting on the effect of 
immersion on the GeopMlidae, found that they could exist in sea 
water from twelve to seventy hours, and in fresh water from six 
to ten days. They thus offer a striking example of the power that 
their class possess of existing under unfavourable circumstances* 
With regard to their habits tlie different species differ very 
considerably. On the one hand we have the Chilopoda, or 
Centipedes, as they are called in this country, active, swift, and 
ferocious; living for the most part in dark and obscure places, 
beneath stones, logs of wood, and dried leaves, etc., and feeding 
on living animals. On the other hand, we have the Chilognatha, 
or Millepedes, distinguished by their slow movements and 
^ vegetable diet; inoffensive to man, except by the destruction 
they occasion to his crops, and having as a means of defence no 
formidable weapon like the large poison claws of the Centijiedes, 
but only a peculiarly offensive liquid secreted by special glands 
^ See Nature, xli., 1890, p. 104. 
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known by the unpleasant though expressive name of "stink glands,” 
or by the more euphonious Latin name of glandulae odoriferae. 
As a general rule the larger species of Myriapods are found 
in the hotter climates, some of the tropical species being very 
large, and some, among the family of the Scolopendridae, extremely 
poisonous; and it is even said that their bite is fatal to man. 

If, however, the Centij)ede is sometimes fatal to man, it does 



Fio. 15 .—Scolopendra ohscura, (From C. L. Koch, Lie Myrtapoden.) 


not always have it its own way, for we read of man making 
food of Centipedes. It is hard to believe that any human being 
could under any circumstances eat Centipedes, which have been 
described by one naturalist as "a disgusting tribe loving the 
darkness.” Nevertheless, Humboldt informs us that he has seen 
the Indian children drag out of the earth Centi])edes eighteen 
inches long and more than half an inch wide and devour them. 



Fio. 16. —Chordeuma sylvesire, (From C. L. Koch, Die Myriapoden.) 


This, I believe, is the only account of human beings using 
the Myriapoda as food, if we except the accounts of the religious 
fanatics among the African Arabs, who are said to devour Centi¬ 
pedes alive; though this is not a cuse of eating for pleasure, for 
the Scolopendras are devoured in company with leaves of the 
prickly pear, broken glass, etc., as a test of the unpleasant things 
which may be eaten under the influence of religious excitement. 
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A cold climate, however, is not fatal to some fairly large 
species of Centipedes. A striking instance of this came under 
my own observation some years ago. In 1886 I was travelling 
in the island of Cyprus—the " Enchanted Island,” as Mr. Mallock 
calls it in his book written about the same time—witli the 
intention of observing its natural history. This island consists 
of a broad flat country crossed by two mountain ranges of con¬ 
siderable height, thus offering the contrast of a hot climate in 
the plains and a cold climate in the mountains. On the jdain 
country I found among the Myriapoda that the most common 
species were a large Scolopendra and a large lAthohius, The 
Scolopendra was fairly common, living for the most part under 
large stones, and it was a pleasant tusk to search for them in a 
ruined garden near Larnaca. 

This garden was made for the public, and is situated about a 
quarter of a mile from the old town of Liirnaca. It has heen 
suffered to fall into decay, and is now quite neglected. Mr. 
Mallock has described many beautiful scenes in liis })ook, hut I 
think he could have found few more beautiful than this old 
garden with its deserted gardener’s house, now a heap of ruins, 
but overgrown with mas.ses of luxuriant vegetation, with l>eauti- 
ful flowers peeping out here and there as if charitably endeavour¬ 
ing to hide the negligence of man, and to turn the desolation 
into a 8C€uie of beauty. I got several prizes in this garden, but 
found the Myriaixxls were principally represented by the 8j)ecies 
I have mentioned. 

After leaving Larnaca I rode across the plain country 
through blazing heat, which was rapidly parcliing up the ground 
to a uniform brown colour. At every stopping-place 1 found 
the same species of Scolopendra and of Lithohius, After a few 
days I began to get up among the mountains of the northern 
range, and the burning heat of the treeless plain was gradually 
exchanged for the cool shade of the pine-trees and the fresh air 
of the mountains. As I ascended higher and higher the teih- 
perature grew cooler till I reached the top of Mount Troodos, the 
ancient Olympus. Here in the month of May the snow still 
lingered in white patches, and the air was clear and colei I 
remained on the top of Troodos for a week, while I made a close 
examination of the fauna to be found there. I was much 
surprised to find the identical species of Scolopendra and i 
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Lithohius with which I had become ac^quainted in the heat of 
the low country, quite at home among the snow, and as common 
as in, what I should have imagined to l)e, the more congenial 
climate. Nor were they any the less lively. Far from exhibit¬ 
ing any sort of torpor from the cold, the first one which I 
triumphantly seized in my forceps wriggled himself looser and 
fastened on my finger with a vigour which made me as anxious 
to get rid of him as 1 liad formerly l)een to secure him. How¬ 
ever, lie eventually went into my collecting box. 

^ On the whole, we may say that the Chilopoda are most 
largely represented in the hotter climates, where they find a 
. more abundant diet in the rich insect life of the tropical and 
semi-tropical countries. The more brightly-coloured Myriapods, 
too, are for the most part inhabitants of the warmer countries. 
The ease with which they are introduced into a country in the 
earth round plants, and in boxes of fruit, may account to a great 
extent for the wide distribution of the various species in 
different countries. Mr. P(x*oclv, who examined the Myriapods 
brought l)ack from the “ Challenger ” Expedition, informs us that 
of ten sjjecies brought from Bermiula, four had been introduced 
from the West Indies. There is no doubt that animals which 
can lx3iAr changes of temperature and deyri\1itiun of food, and 
even a short immersion in the wafer, are well calculated to be 
intro<luced into strange countries in many unexpected ways. 

As might be exyKJcted from a class of animals so widely 
distributed. Myriapods show an almost infinite variety of size 
and colour. We find them so small that we can hardly sc‘e 
them with the naked eye, as in the cuse (»f the tiny Pvlyxenus, 
tlui Pauropidae, and the Scoloj)endrellidae. We also find them 
more than six inclies in length, as the larger sj>ecies of Scolo- 
pendridae. T am afraid we must dismiss as an exaggeration an 
account of Centipedes in Carthagena a yard in length, and more 
than six inches in breadth. The giver of this acconut—Tlloa 
—informs us that the bite of this gigantic serpent-like creature 
is mortal if a timely remedy he not applied. Tt is certainly 
extremely probable that the bite of a Centipede of this size would 
be fatal to any one. v^Some Centipedes are short and broad, and 
composed of few segments, as Glomeris; some are long and thin, 
with more than a hundred segments, as Geophilvs, They may he 
beautifully coloured with brilliant streaks of coloni', as in some 

VOL. V D 
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of the Julidae or Polydesmidae, or may be of a dull and rusty 
iron colour, or quite black .) 

^One of the strangest peculiarities found among Myriapods is 
that some of them (e.g. Geophilus electricus) are phosphorescent. 
As I was walking one summer evening near my home in 
Cambridgeshire I saw what I thought was a match burning. 
Looking more closely, I saw it move, and thinking it was a 
glow-worm I picked it up, and was surprised to find that it was 
a Geophilus shining with a brilliant phosphorescent light. I let 
it crawl over my hand, and it left a briglit trail of light behind 
it, which lasted some time. I have been told that this species 
I is common in Epping Forest; also in Cambridgeshire.' 

Besides G, electrlcus, G. phosphm'eus has teen described as 
a Imninous species by linnaeus, on the authority of a Swedish 
[ sea captain, who asserted that it dropj^ed from tlie air, sliining 
like a glow-worm, upon his ship wlien he was sailing in the 
Indian Ocean a hundred miles from land. 

What the use of this phosphorescence may be is not known with 
, any degree of certainty. It m’ay Ix^ either a defence against 
enemies, or else a means of attracting the two sexes to one another. 

The places which the Myriapods sel(*ct for their habitation 
vary as much as their colour and size, though, with a few excop- 
I tions, they chose dark and oKscure places. A curious sjxjcies of 
Myriapod is Pseudotreuiia caverjiarum (CojXi), which is found in 
certain caves in America. The peculiar life it leads in tliese 
caves seems to have a great influence on its colour, and also 
affects the development of its eyea Mr. I^ackard*8 account 
of them is worth quoting: " Four specimens which I collected 
in Little Wyandotte cave were exactly the same size as 
those from Great Wyandotte aive. They were wliite tinged, 
dusky on the head and fore part of the body. Tlie eyes are 
black and the eye-patch of the same size and shape, while the 
^ antennae are the same. 

" Six specimens from Bradford cave, Ind. (which is a small 
grotto formed by a vertical fissure in the rocik, and only 300 to 
400 yards deep), showed more variation than those from the two 
Wyandotte caves. They are of tlie same size and form, but 
■ slightly longer and a little slenderer. . . . The antennae are 
much whiter than in those from the Wyandotte caves, and the 
^ See L. Jenyns* Ohuervaiims in Nat, Hint, London, 1846, p. 286. 
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head and body are paler, more bleached out than most of the 
Wyandotte specimens. ... It thus appears that the body is 
most bleached and the eyes the most rudimentary in the Bradford 
cave, the smallest and most accessible, and in which consequently 
there is the most variation in surroundings, temperature, access of 
light and changed condition of air. Under such circumstances 
as these we should naturally expect the most variation.” ^ 

A strong contrast to these animals is afforded us by the 
Sciitigeridae (Schizotarsia). They are unknown in this country, 
but abound in some of tlie Mediterranean countries and in parts 
of Africa. They remind one strongly of spiders, with their long 



Pio. VJ.^Cermatia (Scuiigera) variegata, (From C. L. Koch, Die Myriapoden.) 


legs and their peculiar way of running on stones and alx)ut the 
walls of houses. 

Some years ago I was in Malta, and I used to go and watcli 
(them on the slopt‘.s outside Valetta, where they were to be found 
in great numbers. They used to come out from beneath great 
stones and run about rapidly on the ground or on tlie stones and 
rubbish with which the ground was covered, now and again 
making a dart at some small insect which tempted them, and 
seemingly not minding the blazing sun at all. As might he 
expected from their habits, their eyes, far from being rudi¬ 
mentary, like those of the cave-living Pseudotreviia, or absent 

' A Revision of the Lysioj^etalidae, a family of the Chilognath Myriapoda, with 
a notice of the genus Cambala^"' by A, S. Packard, junior, iVoc. Amer, Phil. Soc. 
xxi 1884, p. 187. 
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• like those of the l^olydesinidae, or of our own Cryjytops, are 
highly developed, and form the only example among the 
^Myriapods of what are known as facetted eyes. The Scutigeridae 
jare also remarkable among Myriapods for the possession of a 
^peculiar sense-organ which is found in no other Myriai)od. 

The Myriapods most numerous in our own country are 
‘ Lithohius and Julus, JJthohius, which will be described later on, 
[may be found in almost any garden under dried leaves, stomps, 
etc. JiduSy the coiiimon wire-worm, is found crawling on plants 
and leaves and under tlie bark of trees, and does a good (U*al of 
damage in a garden. Polydesmus is also fre([uently ibiiiul in 
great numbers, and usually a great many of them tugether. 
Glomeris is also found, though it is not so common as the lirst 
two mentioned animals. Gcophilus is also common, and especially 
in the south of England. Scolo]>endridae are only r(^])resented 
•by a single genus, Cryptops, which is not very common, though 
’by no means rare. The best place to lind tlumi is in manure 
Iheaps. The animals of this species are small compare<l to most 
: ScolojXindras, and have the peculiarity of Ixung without any t‘y(‘s. 

^ Scutiyera is unrepresent(HI in this country. One was found 
in Scotland some years ago by Mr. Oil)son Carmichael, but was 
shown to luive been imported, and not l)rcd in the place. 

The means of defence possess(Ml l)y these animals also differ 
rvery much in the different species f)f Myria])ods. In the 
Centipedes the animals are provhled wdth a junverful weapon in 
the great poison claws whi(?h lie just beneath the mouth, and 
which are provided with large poison glands, which supply a 
fluid which runs through a canal in the hard substance of the 
claw and passe^s into the wound made by the latter. The efri‘ct 
of this fluid is instantaneous on the small animals which foi in 
the food of the CentiiKides. I have myself watcla^d JAthohlus in 
this country creep up to a blue-l)ottle fly and Sidze it l)etween the 
poison claws. One powerful nip and the blue-bottle was dead, as 
if struck by lightning. I have also seen thejii kill worms and ulso 
other Lithohius in the same way. When another Lithohius is 
wounded by the poison claws it sc^enis to l)e j)aralysed l)ehind 
the wound. The Millepedes, on the other hand, have no such 
! ofiTensive and defensive weapon. They rely for protection on the 
fluid secreted by the stigmata repugnaXoria (or glandulae odori- 
ferae) mentioned before. This fluid has l)een shown to contain 
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prussic acid, and has a very unpleasant odour. Most of the 
Millepedes are provided with tliese glands; but in the cave 
Myriapods mentioned before, the animals have not to contend 
against so many adversaries, and these glands almost disappear. 
Other Myriapods defend themselves l)y means of the long and 
stiff bristles with wliicdi tliey are pro¬ 
vided, ejj, the littl(^ rohjirenvs. This 
means of defence seems to liave been 
piore common among the fossil Myria¬ 
pods tlian among those still living. 

A^ariations in the s])a])e and size of tl)e 
liml)S are numerous,as might beexp(‘cted Fkj.IS.— 

. - - <* • 1 Jjie Myriapoden). 

in SO large a class ot animals. One ot 

tlie most curious of sucli variations is found in a Centipede of the 
Scolopendra trilie, called Eticoryhas^ in which the last limbs are 
ilattened out and provided with paddle-shaped lobes. The use 
of these is unknown, but it is prolwible that they are concerned 
ill some way with the l)recding haluts of the animal. The 
habits of the MyriajMxls connected with their breeding arc most 
interesting, but have l)een very insiithciently investigated. There 
is no doubt that a full inquiry into all such habits would be of 
great interest, and would help to answer some of the problems 
whicli are still unsolved in these forms. My own observations 
refer to two forms —Jithts frrrrsfris among the ilillepedes, and 
* JAthohius forfiratus among the Centipedes. Julus tvrrcdris is 
one of the most common of the English Millepedes, and can 1x3 
easily obtained. I kept them in large shallow glass vessels with 
a layer of earth iit the, l)ottom, and thus was able easily to 
I watch the whole ])r<x*ess. They breed in the months of ilay, 
' June, and July. The female J/f/f/s when alxmt to lay her eggs 
s(3ts to work to form a kind of iu*st or receptacle for her eggs. 
She burrows down into the earth, and at some distance below 
the surface Ix'gins the work. She moistens small bits of earth 
ivith the sticky Iluid secreted by , her saliviuy glands, which 
lx3come extraordinarily active in the spring. She works up 
these bits of earth with her jaws and front legs till they are of 
a convenient size and shape, and places them together. When 
complete, the nest is shajicd like a liollow sphere, the inside 
being smooth and even, while the outside is rough and shows 
the shape of the small knobs of earth of which it is composed. 
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She leaves a small opening in the top. The size of the whole 
nest is about that of a small nut. When she is ready to lay her 
eggs she passes them through the hole in the top, and usually 
lays about 60 to 100 eggs at a time. The eggs, which are very 
small, are coated with a glutinous fluid which causes them to 
adhere together. When they are all laid she closes up the 
aperture with a piece of earth moistened with her saliva; and 
i having thus hermetically sealed the nest, she leaves the whole to 
'its fate. The eggs hatch in about twelve days. 

A German natniralist. Dr. Verhoeff, has lately found that the 
males of some Julidae undergo certain changes in the form of the 
legs and other organs in autumn and spring. These changes are 
probably connected with the breeding of the animal, and remind 
us of the changes undergone during the breeding season by salmon 
among the fishes. 

Julus breed very readily if carefully attended to and well 
supplied with food. If they cannot obtain the food they like 
they will not breed so well. I found that sliced apples with 
leaves and grass formed the best food for them. 

The process in the case of Lithohius is much harder to watch. 
Lithohius is not so plentiful as Julus terrestris, and the animals 
are more impatient of captivity, more shy in their habits, and do 
not breed so readily. 

In January 1889 I was given the use of a room in the New 
Museums at Cambridge, and was allowed to fit it up as I liked, 
so that I was able to try the effect of different degrees of light 
and darkness, and of different degrees of warmth. I succeeded 
in observing the whole process. The female Lithohius is 
\ furnished with two small movable hooks at the end of the 
/ under surface of the body close to the oj)eniiig of the oviduct. 
These small hooks have been observed by many naturalists, but 
their use has, so far as I know, never been described before. 

; They play an important part in the proceedings following the 
! laying of the egg. The time of breeding in Lithohius is rather 
later than in Julus, and begins about June and continues till 
August. There are first of all some convulsive movements of the 
last segments of the body, and then in about ten minutes the 
egg appears at the entrance of the oviduct. The egg is a 
small sphere (about the size of a number five shot), rather 
larger than that of Julus, and is covered with a sticky slime 
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secreted by the large glands inside the body, usually called the 
accessory glands. When the egg falls out it is received by 
the little hooks, and is firmly clasped by them. This is 
the critical moment in the existence of the Lithobius into 
which the egg is destined to develop. If a male Lithobius sees 
the egg he makes a rush at the female, seizes the egg, and at 
once devours it. All the subsequent proceedings of the female 
seem to be directed to the frustration of this act of cannibalism. 
As soon as the egg is firmly cla8j)ed in the little hooks she 
rushes off to a convenient place away from the male, and uses 
her hooks to roll the egg round and round until it is completely 
covered by earth, which sticks to it ()wing to the viscous material 
with which it is coated; she also employs her hind legs, which 
have glands on the thighs, to effect her purpose. When the 
operation is complete the egg resembles a small round ball of 
mud, and is indistinguishable from the siuTounding soil. It is 
thus safe from tlie voracious appetite of the male, and she leaves 
it to its fate. The numl>er of eggs laid is small when compared 
* with the numljer laid by Joins, 

The food in tlie case of Lithobius consisted of worms and 
blue-bottles, which W('re put alive into the glass vessel containing 
the Lithobius, I tried raw meat choppe^d up, but they did not 
thrive on it in the same way that they did on the living animals. 
I also put into their vessel bits of rotten wood containing larvae 
of insects, etc. 

I have succeeded in bringing back some specimens of Polydesm us 
alive from Madeira, and in getting them to breed in this country 
—of course in artifii'ial warmth—and their way of laying eggs 
and making a nest restiinbles that of Julus, Geoph Hus has one 
curious habit in connexion with tlie fertilisation of the female. 
The male spins a web and deposits in the middle of it a single 
spermatophore, and the female comes to the web to lie fertilised. 
The Scolopendridae are said to bring forth their young alive, but 
I think the evidence for this is unsatisfactory. What have 
lieen taken for the young Scolopendrae are perhaps the large 
! sperinatophores of the male, which are not unlike a larval Myria¬ 
pod in size and shape. I have never been able to observe the 
process of breeding in this family. I have had the sperinatophores 
sent me from Gibraltar as “ eggs,” but a little examination soon 
showed me their real character. 
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The mode of progression in the Myriapods differs considerably, 

' as might be expected in a class in which the number of legs 
varies to such an extent. The swiftest among them are the 
Scutigeridae with their long spider-like legs. The Scoloi)endridae 
are also able to move with considerable rapidity, and are also 
able to move tail forward almost as well as in the ordinary 
, manner. Where there are such a number of legs it becomes a 
curious question as to the order in whicli the animal moves 
them; and though several people have endeavoured to find this 
j out, the number of legs to be moved and the rapid movements 
have rendered accurate ol)servation impossible. 

Some years ago Professor E. Ihiy Lankester tried to study the 
order in wliich the legs of Centi^M^des moved, and came to the 
conclusion (recorded in an amusing letter in Xature, 23rd May 
1889) that if the animal had to study the question itself, it 
would not get on at all. He finishes his hitter with the follow¬ 
ing verses:— 

A Ciiiitijuide was happy quite 
Until a toad in fun 

Said, “Pray which Icj^j iiiovc.s after which ?” 

This raisetl her doubts to such a ])itch, 

She fell exhausted in the ditch, 

Not knowing how to run. 

The progression of Millepedes is much sh)wer than that of 
the Centipedes, and it is remarkable that when the animal is in 
motion a sort of wave runs down the long fringe-like row of feet. 
I have endeavoured to make out this motion, but have never 
been able to understand it siitisfactorily. My belief was that 
the feet were moved in Sf3ts of five. 

This wave-like peculiarity of motion is described in a curious 
old book, A7i Esmy tovxirds a Natural History of Serpents. 
Charles Owen, IXD. London, 1742: "The Ambua, so the 
natives of Brazil c^ill the Millepedes and the Centijjedes, are 
serpents. Those reptiles of thousand legs ImurI as they crawl 
along, and are reckoned very poisonous. In these Multipedes the 
; mechanism of the body is very curious; in their going it is 
observable that on each side of their bodies every leg has its 
motion, one regularly after another, so that their legs, being 
numerous, form a kind of undulation, and thereby communicate 
to the body a swifter progression than one could imagine where 
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SO many short feet are to take so many short steps, that follow 
one another rolling on like the waves of the sea.” 

Before proceeding to tlie classification of Myriapods, which 
will form the next part of this account, a few words on the 
common names for them may not he without interest. 

In Eriglisli we liave the names Centipede and Millepede, 
and the Continental nations have similar names implying the 
possession of a hundred or a thousiind legs, as the German 
Tausendfusse ” and the French Millepieds.” Of course these 
are general words, simply implying the possession of a great 
number of legs. But we hav(i also among the peasantry a name 
for Centipedes which convc^ys a much more accurate idea of the 
numl)er. The people of the eastern counties (I daresay the 
term is more widtdy spread) call tliem forty legs.” This is not 
quite accurate, but as Lithohius lias 17 legs on each side, and 
^colo 2 iendra(^Crj/]tiops is the English species) lias 21 on each side, 
it is a better approximation than Centijiede. But another 
country has a still more atrurate term. 1 found some Scolo- 
})en(fra in Bi^yrout, and asked my native servant what he called 
them. He gave them what I aftiTwards found w^as the common 
Arab name for them, '‘"’arba wal ^irbarin,” forty-four legs. Now 
the Scolopendras, which in hotter climates are the chief representa¬ 
tives of the Centipedes, have actually forty-two legs, or, if the 
poison claws are counted, forty-four. In looking up the Arab 
term for Centiiiede 1 came across a curious description given of 
them by Avicenna, the great Arabian physician : “ This is an 

animal known for its habit of going into ears. For the most part 
it is a palm’s hmgth ” [aliout four inches, which is the average 
length of many species]. On each side of the body it has twenty- 
two feet, and moves equally well either backwards or forwards.” 

With regard to its alleged habit of going into ears, the 
learned Araliian has evidently made a false imputation on the 
character of our animal, and has probably relied too much on tlu‘. 
stories told him. He has also exaggerated in stating tliat it 
gi^s equally well either backwards or forwards. Some Centi¬ 
pedes can go backwards very easily and well, tliough not so well 
as forwards. Perhaps he preferred examining dead specimens, 
which afford an easy opportunity of counting their legs, to experi¬ 
menting with living animals, which might have resented liberties 
taken with them 
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The Persians have several words for them, less accurate than 
the Arabs and more like our own terma For instance, they call 
them Hazarpa,*' or thousand feet, like our Millepedes; also 
" Sadpa,” or hundred feet, equivalent to our Centipedes. Another 
term resembles our common term before mentioned, " Chehlpa,” 
forty feet. A more figurative term is " tasbili dud,” a worm 
resembling a rosary with a hundred l)ead8; this word is trans¬ 
lated in Richardson’s Persian Dictionary as “ a venomous insect 
having eight feet and a piked tail” 

Classification of the Myriapoda. 

Two of the principal writers on the classification of the 
Myriapods are Koch and Ditzel, both of whom have classified 
the whole group. I do not wish for a moment to undervalue 
the many authors who have done excellent work on the classifi¬ 
cation of different groups and families, but I wish hcne to give 
an outline of a classificiition of the whole class, and I naturally 
have recourse to the authors who have treated the subject as a 
whole. 

Koch’s two works, the System der Myriapodcn^ and Die 
Myriwpoden} cover the whole range of the class, and his divisions 
are clearly marked out and are easily understood, but both works 
are comparatively old. He does not include the Scolopendrellidae 
or the Pauropidae, which are now included by all naturalists in 
the Myriapoda. I^tzel is a more recent writer, and though his 
work is entitled The Myriapods of the A^istro-Hungarian Empire? 
he gives much information about Myriaj>ods not found in 
Europe, and his work is fairly entitled to be considered as 
embracing the whole class. He divides the Myriapods into four 
Orders, including the Scolopendrellidae and Pauropidae. On the 
whole, I think it will be better here to take the classification of 
Koch, and to add to it the two Orders before mentioned, viz. 
Symphyla containing one family the Scolopendrellidae, and PauTO- 
poda with one family the Pauroi)idae. 

The Orders are as follows :— 

^ C. L. Koch, SysUm der Myriapoden, Regensberg, 1847. 

^ C. L. Koch, Die Myriapoden, Halle, 1868. 

* Latzel, Die Myriapoden der (Esterreickiscfi-UngariBchen Monarchic* Wien, 
1880. 
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Order I. Chilognatiia (= Diplopoda). 

Antennae short, 6, 7, or 8 joints. Eyes congregate, simple, 
or none. Body rings consisting of dorsal scute, two pleurae, 2 
or 4 laminae pedigerae. Odoriferous glands mostly present. 
Genital orifice in male and female placed between 2nd and 3rd 
segment. In male, auxiliary copulatory organs in last segment 
or on 7th, 7th and 8th, or 8th. 

Suborder 1. Pselapsognatha. Body having no auxiliary copulatory 
organs or odoriferous glands. 

Family 1. Polyxenidae, (Fig. 18, p. 37.) 

Antennae 8 joints. Somites 11, last witli bundle of setae. 13 paire of legs. 
Male with penis. 

Family 2. Glomeridae, 

12 tergites. 17 pairs of legs. Ocelli in single row. 




Fig. 19 .—Glonieris marginata, (From C. L. Koch, Die Myriapoden,) 
Family 3. Zephrontidae, 

13 tergites. 21 pairs of legs. Eyes crowded together in a cluster. 




Fig. 20. — Spho/erotherium grossum, (From C. L. Koch, Die Myriapoden.) 


Family 4. Julidae. 

Body cylindi’ical. More than 30 body rings. Many eyes crowded 
together in a cluster. Odoriferous glands always present 



Flo. 21 .—Jidite neimtrensU, (From C. L. Koch, Die Afyriapoden,) 
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Family 5. Blanjulidae, 

Thin cylindrical body with more than 30 body rings. Eyes either 
absent or in u simple row beneath the edge of the forehead. 



Flo. 22 .—lilanjuliis giUtulatus. (From C. L. Koch, Die Myriapoden.) 

Family 6. Chordeuimdae, 

Resemble the Pohjtie»midae (Fani. 7), but the head is longer and less ronmled 
in the forehead. The antennae are placed more at the side of tlie head. 
Eyes small and numerous, in a cluster. Somites 30 or 32. (Fig. 16). 

Family 7. Polydesmidae. 

Body cylindrical, with a lol3e or keel im the ]>osterior ])art of tlie u])per 
surface of the body ring. Somites 19 or 20. No eyes. 



Fig. 23.— f*olyiiesmus collaris. (From C. L. Koch, Die Myriapoden.) 


Suborder 2. Colobognatha. Family 8. Polyzoniidae. 

Head small, eyes few or none. Mouth-parts degenerate, adajited for 
sucking. Pleural scutes free or coalesced. Ijaminae peiligerae free. Somites 



Fig. 24 .—Polyzonmm germanicum, (From C. L. Koch, Die Myriapoden.) 


30 to 108. 1st and 2iid somite.s with one pair of feet. 3rd or 1st and 
2nd apodous. Foramina rej>ugnatoria j)re.sent. Auxiliary copulatory organ 
in 7th somite. 


Order II. Chilopoda (or Syngnatha). 

Antennae with many joints, at least 14. Only one pair of 
legs to each body ring. The genital opening on the last ring 
of the body. Bases of the legs widely separate. 

There are four families in this Order:— 
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Family 1. Liihohiidae, 

Body short and depressed. Eyes many or few; or a single ocellus on 
each side. Antennae many joints but shorter than body. Number of 


Fia. 25 .—Lithohius eryihrocrphalus. (trorn C, L. Kocl>, Die MyriapodenJ) 
spiracles fewer than pairs of feet. Strong anal legs. Number of somites 15. 

Family 2. Scolopendridae, 

Ibxly elongate. 0(?elli on each side 4, 2, or none. AnU‘nnae 17 to 23 
joints, much shorter than bcxly. Spiracles fewer than paii-s of feet. Anal 
legs long and strong, number of legs 21 or 23. (Fig. 15, p. 31.) 

Family 3. Notophilidae, 

Body very long. Somites 100 to 170. No eyes. Maxillary palps very 


m 




















Fio. 27 .—Qeophilus longicomis, (From C. L. Koch, Die Myriapoden,) 

shorter than body. Spiracles fewer than pairs of legs. Anal pleume coxi- 
form. 

Order III, Schizotarsia. 

The tarsi of all the legs multiarticulate. The eyes facetted. 
Peculiar sense organ beneath the head. 

Family 1. Scutigeridae. 

Body short and strong. Antennae very long and thin. Facetted eyes. 
No spiracles, but stomata in back. (Fig. 17, p. 35.) 

Order IV. Symphyla. 

Body small, 12 segments, which according to Schmidt equal 
22 primary segments. One pair of tracheae opening in the head. 
Genital opening before coxae of 4th pair. Ist and 2nd segments 
with one pair of legs, rest with a pair and parapodia. Ovaries 
beneath the gut. A head artery and a dorsal vessel with ostia 
and alary musclea 

Family 1. Scolopendrellidae, 

With the characters of the Order. 
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Order V. Pauropoda. 

Body 12 somites, 8 of which fuse to double somites, 7 pairs of 
legs. 1st and anal legs with 5 joints, rest 6 joints. Antennae 
branched. No tracheae or vascular system. Ovary below gut, 
testis above. Genital opening in 3rd somite. 


With long legs. 
With short legs. 


Family 1. Pauropidae, 
Family 2. Eurypauropidae, 


The Structure of the Myriapoda. 

Having now given a short view of the classification of the 
Class, I will proceed to give a general account of their structure, 
the variations in which have led to the divisions into the various 
Orders and Families. Their structure shows resemblanctis to 
several widely different classes of animals. One cannot help 
l)eing impressed witli tlieir likeness to the Worms, at the same 
time they have aftinities with the Crustacecans, and still more 
with the Insects. In the latter class the likeness of the Thy- 
sanuridae to Scohpendrella and Pauroinis liave induced a cele¬ 
brated Italian anatomist. Professor Grassi, to claim the former as 
the ancestors of the Myriapoda. 

Myriapods have a body which is segmented, as it is termed; 
that is, compostHl of a number of more or less similar parts or 
segments joined together. 

One of the most important characteristics which distinguish 
Myriapods from other Arthropoda is the fact that they possess 
on the posterior segments of the body true legs which are 
jointed and take part in locomotion. The liead is in all cases 
quite distinct from the body, and may he regiirded as a number 
of segments fused together into one mass. Their heads ai*e 
always provided with a single pair of antennae, and mouth 
appendages, consisting of an upper lip, a pair of mandibles or 
jaws, and one to two pairs of inaanllae. The mandibles resemble 
those of Insects, and are strongly toothed. In the Chilognatha 
a pair of maxillae are fused so as to form a single oval appendage. 
In the Chilopoda they each consist of a single blade b^ing a 
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short palp or feeler. The mouth parts may have the forms 
known as chewing, biting, or suctorial {Polyzonium') mouth 
appendages. 

With the exception of the terminal segment, and in many 
cases the first or the seventh, each segment bears one or two 
pairs of liml)s. These may be very long, as in ScMtiyera, or very 
short, as in Polyxenus, They may bo attached close to one 
another near the ventral middle line of the body, or may 
have their bases far apart from each other, as in the Chilopoda. 
The exoskeleton or external armour is composed of chitin 
(Chilopoda) or of chitin with calcareous salts deposited in it 
(Chilognatha). 

Their internal structure has a great likeness to that of 
Insects. 

The general position of the internal organs may l>e seen from 
Fig. 28, which shows a Lithohins dissected so as to exhibit the 
digestive and nervous systems. 

The ditjestive canaly wliich is a straiglit tube, extends tlirough- 
out the whole length of tlie l)ody, and terminates in the last 
segment of tin; body. It may be divided into th() following 
parts:— 

1. A narrow oesophagus, Uiginning with the mouth or buccal 

cavity, and receiving the contfmts of two or more 
salivary glands {d). 

2. A wide mesenteron or mid-gut {n) extending throughout 

almost the whole length of the body. 

3. A rectum wliich at its junction with the mid-gut receives 

the contents of two or four Malpiyhia ii tubes (//, h) which 
function as kidneys. Their function was for a long 
time unknown, but the discovery of crystals of uric 
acid in them placed the matter l)eyond doubt. 

The heart has the form of a long pulsating dorsal vessel 
which extends through the whole length of the animal. It is 
divided into a number of charnliers, whicli are attached to the 
dorsal wall of the body, and are furnished with muscles of a 
wing-like shape, which are known as the alary muscles, and 
which govern its pulsations. The cliambers are furnislied with 
valves and arteries for the exit of the blood, and slits known as 
ostia for the return of the blood to the heart. The blood enters 
the chambers of the heart from the body cavity through the 
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ostia, and passes out through the arteries to circulate through 
the organa of the body and to return by the ostia. 

The two figures below (Figs. 29 and 30) show the position of 
the arteries and the ostia in a single segment of the body. The 
heart is too small and delicate to be seen with the naked eye; it 



Fio. 28.— Lithofnn* dis- 
sected. (After Vogt 
and Yung.) 

a, antennae. 
by poison claws. 

Cy brain. 

dy salivary glands. 

€» legs. 

/, nerve cord. 
ffy Malpighian tube. 
hy Malpigliian tnl>e. 
iy vesicula seminalia. 
jy accessory gland. 

accessory glaml. 
ly testis. 
tfiy thigh gland. 
n, digestive tulje. 


therefore requires the aid of the microscope. A freshly-killed 
animal was therefore taken and prepared in the manner known 
to all microscopists, and extremely thin slices or sections cut 
horizontally from its hack. One of these sections cut the whole 
length of tlie heart in one segment, which was accordingly drawn 
under the microscope (Fig. 29), and shows a longitudinal hori- 
VOL. V K 
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zontal section through the whole length of the heart in a single 
segment, with the two ostia at each end of the segment and the 
two arteries in the middle. 

The arteries, when they leave the body, pass into masses of 
fatty tissue on either side of the hejirt, and the other figure (Fig. 
30) is intended to showthe artery leaving the heart and penetrating 
into the fatty tissue. The figure is taken from the same section 
as the former one, but is much more highly magnified, so as to 
show more detail. The delicate coats of the heart are shown, 
the ai'tery being covered with a clothing of large cells. 



Fig. 29.—Heart of 
Jidus terreatris 
showing ostia {oat) 
and arteries {Art) 
magnified. 



) 


Fig. 30. — Heart of Julus trrreatria showing structure of 
artery aud external coat of heart {ext.c)y also fat body 

(Fb)y highly magnified. Ifty The cavity of the heart. The 
circular muscle fibres which surrounds the heart are shown 
just below the external coat {ext.c) ogly Oil globule.s of the 
fat body. 


Myriapods breathe by inefins of tracheae, with the exception of 
the Scutigeridae, which have an elementary form of lung which 
resembles that of spiders, and will be mentioned further on. 
These tracheae, as in Insects, are tulxjs lined with chitin, which 
is aiTanged in spiral bands. The tracheae ojKin to the exterior 
by 0 ];)ening 8 called stigmata, through which they receive the 
external air, which passes into the main tracheal tul)es and into 
their ramifications, and thus effects the aeration of the blood. 

The nervous system of the Myriapods consists, as in Insects, 
of a brain, which may lie more or less developed, a circum- 
oesophagcal ring embracing the oesophagus, and a ventral chain 
of ganglia, and in some cases (Newport) of a system of visceral 
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nerves. With the nervous system we may mention the sense 
organs, the eyes, which are present in most cases, though 
wanting, as has been already stated, in many groups. They are 
usually present as clusters of ocelli or eye spots closely packed 
together, or (in Scutigera) as peculiarly formed facetted eyes. The 
sensory hairs on the antennae must be reckoned as sense organs, 
as also the tufts of sense hairs on the head of Polyxenus, Scuti- 
gera has also a peculiar sense organ beneath the head, consist¬ 
ing of a sac opening on the under side of the head full of 
slender hairs, each of which is connected at its base with a nerve 
fibre. Except the eyes, the Myriapod sense organs have usually 
the form of hairs or groups of hairs connected with nerve fibres, 
which communicate with the central nervous system. 



Fio. 31.—Under side of the head 
of SciUiyerti cot^optrata, witli 
sense organ, eo, Opening of 
sense organ to the exterior; 
o, sense organ sliown tiirougii 
the chitin ; ?/i, mouth ; <#(?, 
eye ; maxilla ; / furrow in 
the chitin. (Heatlicote, Scti.so 
organ iu Scutigera coleoptrata,) 



Flo. 32.—Highly magnified section through head 
of Polyxenus laguruSy showing sense organ. 
ext. cut f external cuticle ; f, tube surrounding 
base of sense hair; gang.c, ganglion cell. 
(Ueathcote, Anatomy of Pidyxeiius lagurus.) 


These two sense organs are shown in Figs. .31 and 32. 
Fig. 31 shows the under side of the head of Scutigera (Fig. 
17), with the position of the sense organ and its opening. 
Fig. 32 is part of a section through the head of Polyxenus with 
two of the sense hairs. Each spine or sense hair fits into a cup 
in the chitin of the head; and the lower or internal part, which 
is divided from the upper or external part by a rim, is joined to 
a ganglionic nerve cell (gang.c.). 

The Myriapods are of separate sexes, and the generative 
organs iu both cases usually liave the form of a long unpaired 
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tube, which in the male is connected with accessory glands, and 
in the female is usually provided with double receptacula 
seminis. The generative openings usually lie near the base of 
the second pair of legs (Cliilognatha), or at the i)osterior end of 
the body (Chilopoda). In the Cliilognatha there is usually in the 
male an external copulatory organ at tlie base of the seventh pair 
of legs, remote from the genital opening. 

The preceding account of the anatomy of the Myriapods has 
shown us the general characteristics of the whole grt)up. I shall 
now take each of the five Orders into wliich the class is divided 
in the classification adopted in this account, and endeavour to 
explain the ditierences in anatomy which liave led to the estab¬ 
lishment of the Order. The first Order with which we have to 
do is that of tlie Cliilognatha, which includes a large numlier of 
Myriapods; no less than eight families, some of them including 
a greiit number of forms. 

Order I. Chilognatha. 

The Cliilognatha differ from other Orders in the shape of the 
body. This is in almost all cfuses, cylindrical or sub-cylindrical, 
instead of lieing more or less fiatteiied as in the other Orders. 

The body, ^is in all other Myriapods, is composed of segments, 
but in the Cliilognatha these segments are composed, in almost 
all cases, of a complete ring of the sulistance of which the 
exoskeleton (as the shell of the animal is called) is composed. 
This substance is in the case of the Cliilognatha chitin (a kind 
of horny substance, resembling, for instance, the outijr case of a 
beetle’s wing), containing a quantity of chalk salts and colouring 
matter; the substance thus formed is hard and tough. In other 
Orders the chitin of the exoskeleton is without chalky matter 
and is much more flexible. The length of the body, as may Ijc 
seen from the classification, may be either very long, as in Julus, 
or very short, as in Glomeris. 

Tbj next anatomical character distinctive of the Order is 
the form of the appendages. Firat, the antennae. These are, as 
a general rule, much shorter than in the Chilopods, never 
reaching the length of half the body. They are, as a rule, club- 
shaped, the terminal half being thicker than the half adjoining 
the body. 
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The next appendages to ha mentioned are the mouth parts. 
These differ in form from those of the other Orders, and their 
differences are connected very largely with the fact that the 
Chiloguatha live on vegetable substances. Their mouth parts 
are adapted for chewing, except in the case of the Polyzoniidae, 
the eighth family of the Order, in which, according to Brandt, 
the mouth pfirts are adapted for sucking, and are prolonged 
into a kind of proboscis. The mouth parts of the Chiloguatha 
consist of— 

(1) An upper Up, A transverstdy-placed plate, which is fused 
with tlie rest of the head. 


(2) A pair of powerful mandibles or jaws adapted for mastica¬ 

tion, and moved by powerful ^ ^ ^ 

muscles. / and // in Fig. 33 
shows these mandibles, while ^ iin 
the rest of the figure consti- ( n. y] / ) 
tutes the broad plate (No. 3). 

(3) A broad plate covering the under )—-V 

])art of the head and partially 

enclosing the mouth. This — Mouth parts ot 

^ 1 11 Chili (From C. L. 

structure, wlucll, as wo sliall Koch, Die Systm der 

afterwards see, is formed by ) 1’ 

'' The mandibles. The parts 
the fusion of two appendages marked a, h, r, rf, e are 

.hid, i.. the ;,irt 

animal when just hatched, has They have received the 

h«.„ ciicHi ;the .ie„tora,a»«. 

the jaws receiving the name of stij>es; </, maleliae ; e, 

, , hypostoma. 

]u*otonialae. 

After the mouth parts we come to the legs. We first notice 
the fact that tlui bases of the legs in each pair are closely 
a}>j)roached to one an<»ther. They are so set into the body that 
the basid joints, or, as they are called, the coxal joints, nearly 
touch. This is the case in almost all Chiloguatha, except in the 
Polyxenidae, and it is a fact connected with some important 
features in the internal anatomy. Then we have the peculiarity 
in the Chiloguatha which has formed the basis of most classifi¬ 
cations which have placed these animals in a group by themselves. 
This is tlie possession in most segments of two pairs of legs. 
This characteristic has caused the group to he called by some 
naturalists Diplopoda. As a general rule, the first four segments 


Koch, Die System der 
Myriapoden,) f and # 7 , 
The mandibles. The parts 
marked i/, A, r, d, c are 
firmly united and coiusti- 
tute the broud plate No. 3. 
They have received the 
following names—a, ft, In¬ 
ternal stipes ; r, external 
stij>es; (/, maleliae; e, 

hy])Ostoma. 
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have only three pairs of legs between them, one of them being 
without a pair of legs. This legless or apodal segment is 
usually the third. From the fifth segment to the end of the 
body all the segments have two pairs of legs each. The legs are 
shorter than those of the Chilopods, and are all nearly equal in 
size. This is not the case in the other Orders. The legs are 
commonly wanting in the seventh segment of the male, and are 
replaced by a copulatory organ. This peculiarity is related to 
the different position of the generative openings in the Chilo- 
gnatha. Another anatomical feature peculiar to the Chilognatha 
is the possession of the stink glands—the glandulae odoriferae 
before mentioned. This, however, is a character which does not 
hold for all the Chilognatha, since the l^olyxenidae have none of 
these glands. All tlie other families, however, possess them, 
except the Chordeumidae. 

As regards the internal anatomy of the Chilognatha, the 
digestive canal differs mainly in the glands which supply it with 
secretions. It receives the saliva from two long tubular salivary 
glands, which open at the base of the four-lobed i)hite which has 
been mentioned as the third of the mouth appendages. The 
secretion of these glands is used, as lias already been said, in the 
process of preparing the nest for the eggs. We cannot fail to 
be reminded of a similar function of salivary glands in those 
swallows, which prepare the nests of which bird*s-nest soup is 
made with the secretion of the salivary glands. Another feature 
in the form of the digestive tube is that in many cases, if not in 
all, it is marked with constrictions which correspond with the 
segments of the body. 

The heart in the Chilognatha is not such a highly developed 
organ as in the other Orders. The muscles which have already 
been mentioned as the alary muscles (or wing-shaped muscles) 
are not so highly developed, and consist for the most part of a 
few muscular fibres. The muscular walls of the heart, which 
consist of three layers, have the muscles less strongly developed, 
and are in general adapted for a less energetic circulation. 

The tracheae, which open into the stigmata, as has already 
been said, branch into tufts of fine tubes, but the ramifications of 
these tufts never join (or anastomose, as it is called), and con¬ 
sequently we never get, as in the other Orders, long tracheal 
trunks running along the body. 
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The nervous system, in addition to the existence of the 
visceral nerve system described by Newport, shows a marked 
peculiarity in the form of the ventral ganglionic chain. As 
has already been said, the nerve system consists of a brain or 
mass of ganglia fused together and connected with the ventral 
nervous cord by a collar of nervous substance surrounding the 
oesophagus, and gemually known jus the eircumoes()j)lia(jeal collar. 
The ventral nerve cord is a stout cord of nervous substance 
pjissing along the whole length of the Jinimal, and situated Ijelow 
(or ventral to) the digestive tube and the generative system. 
Tliis cord is enlarged jit (‘crtjiin points, Jiiul these enlargements or 
swellings are called gjinglia, while from the ganglia pass off 
nerves wliich supply the different organs of the body. In the 
Chilognatlui the cord has Ji compressed jippearance as if the 
ganglia were pressed into one another in such a wjiy that it is 
very hard to distinguish Jiny ganglia at Jill. If we use the 
microscope jtud exjimine siictions cut transversely through the 
cord, we see tlnit it is not Ji simple, cord. Even if we examine 
the nerve cord witli ji simple lens, we see that a furrow runs 
longit\idiiially down it, Jind the use of the compound microscope 
shows us that this furrow represents a division into two cords in 
such a way that tlie single stout cord as it appeared to the naked 
eye is in reality two cords running side by side, and so com¬ 
pressed together tluit the substanc^e is partly fused together. 
The gjingliji too are double, being swellings of the two cords juid 
not a single enhirgement on a single cord. As we shall see in 
tlie other Orders, this arrangement constitutes a characteristic 
distinction. 

The (jeneratire organs consist of a long tubular ovary or testis 
lying along Jilmost the whole length of the body and placed 
between the digestive orgjin and the nervous system. Near its 
exit from the l)ody the long tul)e divides into two short tubes, 
the oviducts in the fenuile or the rasa defereniia in the male. 
These ducts open in the third segment of the body, unlike 
those of Myriapods telonging to other Orders. The accessory 
glands present in most other Myriapods are not present in the 
Chilognatha. 

The general arrangement of the organs of the Chilognatha 
niay be seen from Fig. 34, which represents a transverse section 
through the body of Polyxenus (Fig. 18). A comparison of 
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these two figures (Figs, 34 and 18) will sliow the position of the 
organs mentioned in tliis account. The heart is shown with 
the suspensory and alary muscles attached. 



Fig, 34.—Transverse section throngL Polyxenns Utgunis: g»n.c^ f.n^Cy ganglionic and 
librous parts of nerve cord ; JRec.setif receptaculum seininis ; ori,dctf oviduct; 
Sjomzoa, spermatoza, (From Heatlicote, Anatomy of Polyxenus lagurus.) 


Order II. Chilopoda. 

The shape of tlie body differs from that of the Order which 
has been just tleseribed (Cliilognatha), inasmuch as it is not 
cylindrical but flattened, the back, however, being more arclied 
than the ventral surface. In tliis respect, however, it ctinnot Ira 
said to differ from tiie other Orders whicli we have yet to describe. 

The segments are not formed by a single ring of the 
exoskeleton, which in this Order is formed of chitin, and is tough 
and flexible rather than hard and strong; but of two or three 
plates which form a covering to the segment. The back* is 
covered by a large plate known as the tergum, the sides by two 
plates known as j)hura^ and the ventral part by a plate called 
the sternum. The pleura and sternum are, however, in most cases 
fused together or indistinguishable. In this, as in most of the 
anatomical peculiarities, there is a much greater difference 
between the two Orders Chilopoda and Chilognatha than between 
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tlie Chilopoda and the oilier three Orders which have still to lie 
described. 

The Chilopoda have only one pair of appendages to each 
segment of the body instead of two pairs like the Chilognatha. 

The antennae of the Chilopoda are as a rule very long, and 
are always longer than in the Chilognatha which we have just 
described. They difier from those of the Schizotarsia (tluj third 
Order, which will be the next to be described) in having the 
basiil joints nearer log(ither; in otlu;r words, they are differently 
placed on the head. They differ from those of the l^auropoda 
(the fifth Order) in being straight and not branched. As a rule 
the antennae of the Chilopoda taper towards the extremity. 



A B C 


Fio. 35.—Month parts of LUhoftius (Latzel). A, Ilead of Lithohiufi seen from the 
uiuler surface after removal of poison claws; secoml maxilla ; 5, c, the two 
shafts of the tirst maxilla. B, One of the mandibles. C, The two iwison 
claws. 

The mouth i)arts are more numerous than in tlie Order wi* 
have just described (the (■hilognatha). They consist of— 

1. An up]>er lip. This is a transverse plate as just described 

in the case of the Chilognatha, but it is not always 
fused with the rest of the head. It is also usually 
composed of three pieces, two lateral and a middle })iece. 

2 . A j)air of jairs or wandihles, which are not of so simple a 

form as those of the Chilognatha, but rather resemble 
those of some of the Crustacm. 

3 and 4. Two pairs of apj^ndages called maxillae resem¬ 
bling feet, but used to aid the act of eating instead 
of locomotion. They are very dilTerent in different 
Chilopods, but are mostly slender and weak and usually 
provided with feelers (or j)alps) growing out of the 
main stem. 
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6 . The next pair of appendages are the first pair of the legs 
of the body, which are also inetaiiiorj)hosed to serve 
a function different from the ambulatory iunction of 
the other limbs. These are the claws, and the 

possession of these forms another distinction between 
the Order we are now discussing and that of the Chilo- 
gnatha. At the same time the third Order, that of the 
Schizotarsia, has poison claws, so that this finiture does 
not separate the Chiloj)oda from all the other Orders. 
These poison claws are large curved claws connected 
with poison glands, the secretion of which flows through 
a cfinal which o})eus near the ])oint. 

The legs are longer than those of the Chilognatha, but not so 
long as those in the next Order to lie descrilitMl (the Schizotarsia). 
Their number is very various, from 15 pairs in TAthohivs to 173 
in the Geophilidae. Ditzel notes a curious point in the number 
of the legs in tliis Order, namely, the number of pairs of legs is 
always an uneven one. There are always one pair to (*ach seg¬ 
ment. The last jiair of legs is always longer than the other 
pairs, and this is a peculiarity of the Order. 

The digestive tithe resembles that of the other Orders, but 
the salivary glands are not long and tubular but short (Fig. 28, 
d). It is, moreover, not marked with constrictions corresponding 
with the segments of the body. 

The tracheal system or the system of respiration may be 
said to be more highly develojied in this Order than in any 
other. The tracheal branches anastomose with one another (that 
is, the branches join), and in some cases form long tracheal stems 
running ahing the body almost for its whole length. The numlier 
of the tracheal openings or stigmata varies and does not correspond 
with the number of segments. 

The nervous system differs considerably from that in the 
Order Chilognatha; it resembles that in the Schizotarsia, and 
differs again from that in the other two Orders, Symphyla and 
Pauropoda. The brain shows some differences from other Orders 
chiefly in the development of the different hibes which are con¬ 
nected with the sense organs, the eyes and antennae, for instance; 
but the most marked difference is in the ventral ganglionic cord. 
First, the ganglionic swellings are much more clearly marked 
than in the Chilognatha. Secondly, the first three ganglia differ 



II 


STRUCTURE OF SCHIZOTARSIA 


59 


from the others in being nearer to one another and forming a 
single mass when seen by the naked eye, though when examined 
by the aid of a microscope we can see all the different parts are 
there. Thirdly, the division into two cords mentioned in the 
Chilognatha is carried to a much greater extent. The ganglia in 
each segment can be seen plainly to be double, and the cords 
connecting the ganglia are two in number. We can plainly see 
that tlie ventral nervous system of the Chilopoda consists of two 
cords lying parallel to one another, and each having a ganglionic 
enlargement in every segment. Whether a visceral nervous 
system is present in the grouj) is doubtful. 

The eighth family (jf the Chilognatha, the Polyxenidae, show 
an approach to the Chilopod nervous system. 

The generative system differs chiefly in the oj>ening of the 
genital apparatus at the end of the body instead of in the third 
segment; though this difference only separates the Order from 
the Chilognatlia and not from the other Orders. They also have 
two pairs of large accessory glands (as they are called) connected 
with the genital openings. 

Order III. Schizotarsia. 

The third Order of Myriapods, the Schizotarsia, show a much 
greater resemblance to tlie Oliilopoda than to the first Order, the 
Chilognatha. There are, however, important differences to dis¬ 
tinguish tliem from all tlie other Orders. 

The shajie of the body is short, thick, and very compact. The 
composition of the individual segments resembles that found in 
Chilopoda rather than that of Chilognatha. 

The antennae are very long, longer than in any of the 
Chilopods, and are composed of a great number of very small 
joints. The mouth parts show a greater length and slenderness 
than do those of the other Orders mentioned as yet. They con¬ 
sist of— 

1. An upper lip partly free, but fused at the sides with the 

rest of the head. The upjier lip is in three parts, as in 
the Chilopoda, but with the middle part very small and 
the lateral pieces large. 

2. A pair of jaws or mandibles. These are provided not only 

with teeth, as in the other Myriapods, but also with a 
sort of comb of stiff bristles. 
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3 aud 4. Two pairs of maxillae or foot jaws distinguished by 
their length aud slenderness. 

5. The poison claws long, slender, and not sliarply curved. 
The bases of the poison claws hardly fused together and 
short. 

The respiratory system in the Scliizotarsia dilKu.s from that in 
all other Myriapods in the fact before mentioned, that they 
breathe by means of lungs and not by tracheae. There are, as 
l>efore mentioned, eight dorsal scales in these animals; each dorsal 
scale except the last tears one of the ])eculiar organs which I 
have called lungs. At the hinder end of the scale there is a slit 
which leads into an air sac, from which a number (»f short tubes 
project into the blood in the space round the heart and serve to 
aerate it before it enters the heiirt. The heart, therefore, sends 
aerated blood to the organs, while in tlai tracheal-breathing 
Myriapods the blood is aerated in the organs tlumiselves by 
means of tracheae. 

The poison claws are followed by segments bearing fifteen pairs 
of true ambulatory legs. These are covered by eight large dorsal 
plates, increasing in size from before to the middle of tlie body, 
the middle plate being the largest, and tlam diminishing in siz(?. 

The nervous system resembles that of the Chilopotla, but there 
is a special yiair of nerves which supply the sense organ, whicli 
has been mentioned as jieculiar to the Order. The ventral nerve 
cord shows a very clear division into two, the ganglia of the two 
cords being almost entirely separate. The first few ganglia are 
fused, as has been mentioned in the Oliilopoda. 

Tlie digestive tube resembles that of the Chilopoda. The. legs 
are very long aud slender, and the joints are l>eset with bristles. 
Both sexes have small hook-like appendages at the sides of the 
genital openings. 

The eyes have already been mentioned as being more highly 
developed than in other classes, in correspomlence with the more 
active habits of the animal. The generative organs oihsii at the* 
hind end of the body, as in Chilopoda. 

The heart is highly developed, quite as much so as the 
Chilopod heart, the alary muscles being strong and broad, and 
the arteries being quite as perfect as those in «iny Myriapod 
The muscular coats which govern the pulsations l^y their con¬ 
tractions are powerful and well develo|Xid 
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Order IV. Symphyla. 

We next come to one of the last two Orders which have 
been recently added to the Myriapoda. These little animals 
liave a great resemblance to the Thysaiiura among the Insects, 
and especially to Campodea among the Thysaniira. It will be 
well, therefore, to lK*.giri our axicount with a few of the reasons 
wliich have induced naturalists to include them among the 
Myriapods ratlier than among the Thysaniira. 

1. Camjmlm has three jiairs of mouth apjiendages, while 

i^colopendrelht lias only two. 

2. Scolopendrella has broad ]ilate8 covering the luick, not only 

on tlie anterior (tliorac-ic) si^gments, but on the whole 

bo< ly. 

3. Tlie terminal ap]>endages of Scolo 2 )endrella differ from 

those in Cainpodm. 

4. Scolopendrella has a sense organ w'hich is absent in 

Campodea, 

5. Campodea breathes by means of three stigmata in the 

anterior jiart of the bcKly. The stigmata of Scolopen- 

drella are hard to see, and are imt in the Siime position. 

6. Scolopendrella luis twelve jiairs of legs, and Campodea, like 

all InsiHds, has only three. 

I will now go on to an account <»f their anatomy. The liody 
is small and slender, and is covered with a delicatti shell or exo¬ 
skeleton of chitin, w hich is so thin lus to \h}. almost transparent. 

The antennae are long, and are composed of many joints of 
equal size. 

The mouth consist of— 

1. An up|)er lip. 

2. A piir of mandibles. 

3. A piir of maxillae. 

The segments are not all of equal size. Some are larger than 
others. The larger and smaller segments are arranged alter¬ 
nately, and the smaller do not bear legs. As l>efore stated, there 
are twelve leg-bearing segments. 

At the end of the bcKly there are two hcHik-like appendages 
which arc pierced by a canal, through which is paired the secretion 
of a pair of glands. Near the sides of these appendagtvs are a jmir 
of sense organs, consisting of long hairs connected with nervea 
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The digestive canal is a long straight tube passing through 
the length of the body. In the middle it is much enlarged, so 
as to form a stomach with a glandular coat. Posterior to the 
stom^h the digestive tube receives the contents of two Mal¬ 
pighian tubes which act as kidneys. 

The tracheal system consists of a single pair of stigmata on 
the under surface of the head, and the tracheae connected with 
them. 

Order V. Pauropoda. 

The Pauropoda, which form the fifth Order of Myriapods, are 
as yet very imperfectly known. Pauropus was discovered liy Sir 
John Lubbock, and its discovery was announced l)y liiiri in 1806. 
He found this little Centipede in his kitchen garden among some 
Thysanura, and at first considered it as a larval form, but 
continued observation showed that it was a mature creature. 
He described it as a small, white, bustling, intelligent little 
creature about inch in length. 

The antennae are very curious and highly charac^teristic of 
the Order. They resemble those of Crustacea rather than those 
of Myriapoda. Each antenna is com|X)8ed in the following 
manner. First there is a shaft of four joints. From the fourth 
joint of this shaft spring two branches; one of tliese two 
branches is narrower than the other, and ends in a long thin 
bristle composed of a great number of joints. The other and 
broader branch bears two such bristles, and between them a small 
pear-shaped or globular body, the function of which is unknown. 

The mouth parts consist of two minute pairs of apiKmdages, 
the anterior pair toothed and the posterior pointed. I'he body 
is rather narrower in front; the segment Ixddnd the head has 
one pair of legs, the second, third, fourth, and fifth behind the 
head two each. The posterior legs are the longest; the genital 
organs open at the base of the second jmir of legs, between these 
and the third pair. The manner of breathing is as yet unknown, 
tracheae not having been discovered. 

Paurapus ^t first looks most like a Chilopod, but differs from 
that Order— 

1. In the form of the antennae. 

2. In the absence of poison claws and in the form of the 

mouth parts. 
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3. The opening of the generative organs being in the front 

part of the body. 

It differs from Chilognatha in the following respects:— 

1. The legs are not of equal length, the posterior legs 

being the longest, as in Chilopcxls. 

2. The moutli parts differ from those of Chilognaths 

almost as much as from those of Chilopods. 

3. The form of the antennae. 

Only a few l^iuropoda liave been discovered as yet. 

Embryology. 

The preceding account of the anatomy of Myriapods would be 
incomplete without some reference to the wonderful manner in 
which the different organs of the body are built up; the whole 
of the complex organism proceeding by a gradual and regulated 
prcxess of development from a simple cell called the ovum derived 
from the female body, iind united with a cell from the male body 
(called the sinn'inatozooii). I hoi)e to be able to give my readers 
some idea of the interest which the pursuit of the difficult study 
of embryology adds to anatomy, by offering us a key to the inter¬ 
pretation of the relations between our knowledge of the forms at 
pres(*nt living on the earth and those which, w^e learn from 
ralaeontology, have inhabiUnl our planet in pjist ages. 

Like all living cre^itures with which we are acquainted, the 
stiirting-[K)int of Myriapod life is the ovum, 
as it is chilled. This onim is a cell rtjstmi- 
bling the cells of which the body of all 
living animals are built up, and which 
may be conqMired to the bricks of which 
a building is composiHl, This cell or 

ovum is a small sphere of living trans- 36 Y o of 
parent substance called protophism, and it 
is nucleated —that is, it contiiins a small \ 

spot of denser protophism called the yJik ^ 

nucleus, and within that a still smaller 

spot of still more dense protoplasm allied the nucleolus. In the 
process of impregnation the ovum unites with the male cell, and 
the cell so formed is called the iinpregnatiKl ovum. This ovum 
has the property of dividing into two cells, each resembling the 
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parent cell from which it is derived; each of these cells has, like 
the parent cell, the same proj_)erty of dividing into two more, and 
so on. Tlius from this continual process of division or reproduc¬ 
tion of every living cell, the materials are provided lor the 
building up of tlie body. 

The regularity of the process of the division of the ovum, or, 
as it is called, segmentation of the ovum, is interfered with by 
the presence of food yolk. The cells formed by the prcK'Css of 
cell division just desc*ribed need nourishment, and this nourish¬ 
ment is supplied to them by the food yolk formed in tlie body 
of the ovum before the ])rocess of segmentation begins. It is 
easy to understiind that this yolk, whicli is not alive like tlie 



cells, cannot divide like tliein, and therefore the segmentation of 
the ovum in Myriapods is irregular, as it is called. 

I will now go back a little and describe what happens to the 
ovum before the jirocess of segmentation is complete. It increasi^s 
in size and forms the supply of food yolk wliich is to provide the 
nutriment of the ovum. Then after impregnation the egg-shell 
is formed round it, and it liecoines what we know as the egg. 
This egg is not a perfect sphere, but is oval (in most Myriapods) 
in shape. The egg is laid, and the process of 8c*.ginentation begins 
shortly after it is laid, as has already been described. 

When it has been laid for about 36 hours, if we take an egg 
and, after proper preparation, cut it into thin slices known to 
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microscopists by the name of sections, and examine it 1)y means 
of the microscope, we sliall see that segmentation has resulted in 
this. J ust beneath the egg-shell there is a thin layer of ctdls, 
one cell thick, which completely surrounds the egg. Inside 
this coat of cells is the food yolk, with a few cells scattered 
about in it at rare intervals, something like the raisins in a 
plum-pudding. 

With the next process the formation of the yoimg Myriapod 
may be said to begin. A strip along the length of the oval¬ 
shaped egg is thickened, and this thick mass of cells represents 
the future ventral surface of the animal The rest of the thin 
layer of cells already mentioned just l^elow the shell will form 
the shell or exoskeleton of the future animal. The thick strip 
of cells at the ventral surface has by this time split into 
layers, so that, resorting to our microscope again, a section through 
the short axis of the oval-shaped egg—a transverse section— 
will show us— 

1. The egg-shell 

2. A layer of cells completely surrounding the egg, thin 

everywhere but on the ventral simface. This layer is 
known to embryologists as the epihlast The thick 
part of the epihlast on the ventral surface gives rise to 
the nervous system. 

3 and 4. Two layers of cells connected in the middle, along 
the line of the thick strip, but separate elsewhere, and 
not extending round the whole of the inside. These 
layers constitute what is known as the mesoblast, and 
give rise to the muscles and most of the internal 
orgjins. 

5. The scattered cells in the yolk. They are known as the 
hypoblast and give rise to the digestive canal 

After this point is reached the formation of the organs 
begina The segments are formed in order from before back- 
warda First tlie head, then the next segment, and so on. 
When the number of segments with which the animal will be 
hatched are formed, another process begins, and the hiil end of 
the animal, which can already be distinguished, is bent towards 
the head. This is a process that takes place in many animals 
besides Myriapods, and is called the formation of the ventral 
flexure. Shortly after this the animal bursts the shell and comes 

vou V F 
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into the outer world. The various processes may be understood 
by reference to the Pigs. 36, 37, 38, 30, wliieJi are succes¬ 
sive stages in the development of a Chilognatli. jbigs. 37, 38, 
are thin slices through the shorter diameter of the egg, which, as 



Fio. 38. — Transverse section 
through next stage: 
keel-like mass of cells from 
which the mesoblast is pro¬ 
duced ; eCf epihlast. (From 
Heathcote, Post. Einh. Dev. 
of Julus terrestris; PhiL 
Trans, vol. 179, 1888, H.) 


before mentioned, is an oval in shape. Fig. 30 is a sec^tion 
through the longer diameter of an egg in a more ailvanced stage 
of development, in fact just about to burst tlie shell. The IhkIv 
of the future animal is marked by constrictions, the future 
segments. Some of the organs are already formed, as the brain 



Pk;. 39. — Longitu¬ 
dinal section 
through later stage: 
iSei/s. 2, 3, etc.., seg¬ 
ments ; Ceph.Sftjf 
head ; mes^ meso- 
blast ;eTi,hy]>oblasi; 
s/,future mouth 
fiitui-e anus; mesen^ 
gut; in4i»i,ex^ as iii 
Fig. 41. (From 
Heathcote, Post. 
Emb. Dev. of Julus 
terrestris .) 


iltnd the digestive tube, the openings of which will form the 
mouth (st) and the anus (pr). 

Myriapods are hatched at different stages of development. 
The Chilognatha have only three apj>endages, which are so 
little developed that they are only small 8haj)ele8s stumps, while 
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the Chilopoda have the full number of legs in some cases; in 
others only a small number of legs, but yet more than the three 
pairs of legs of the Chilognatha, and fully develoj)ed instead of 
stump-like. The eyes arc usually develoi)ed late in the life of 
the young animal. The bursting of the egg-shell is assisted in 
some Myriajiods by a 8})ecial kind of spike on the back part of 
the head. 

The Fig. 40 shows a young Chilognath which has just burst 
the shell and come into the outer world. 

It is still surrounded with a membrane 
which has been formed by its skin or 
epibbist within the egg. One eye-spot haa 
be(*n formed. 

Fig. 41 shows a longitudinal section 
through the young Chib:»gnath shown in 
Fig. 40, and the next (Fig. 42) a transverse Fio. 40.—Young Jttlus ter- 
S(HJtion through the same. In comparing rtsinA just hatched. 

the two Figs. 41 and 42 it must be rememl^ered that they are 




Fig, 41.—Longitudinal Rection through lato stage : Sup,oe,gt, First appearance of brain ; 
niontii ; pr, anus ; mesen^ gut; n, nerve coni; n.gang^ nerve ganglion ; mem,e.r^ 
membrane surrounding the animal; ventral flexure ; tnes, niesobhist cells. 
(Heathcote, Post. Eiitb. Dev. o( Julus terrestris.) 


Bcctions in different planes througli the animal shown in Fig. 40, 
and therefore they only show a small portion, a thin slice, of the 
organa 
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The first appearance of the mouth appendages has been 
already mentioned, and these are shown in Fig. 43, where the 



L. 


Fio. 4%—Of gni ; Afalp.Tf Malpighian tube ; nerve cord ; TrJf deep in vagina- 
tioii by which the tmcheae are formed; y.a, yolk spherules still present; first 
appearance of legs ; S,Sf part of mesoblast. (Heathcote, Post. £mb. Dev. of 
JiUus terresiris.) 


small stumps that later on change to jaws are shown. The 



Pro. 43.—^Under surface of the 
head of a young Julus Ur- 
rutria: pro,nif rudimentary 
jaws; Deutnif rudimentary 
mouth plate; an, antennae. 


figure shows the head of a young Chilog- 
nath seen from the lower side, and the 
second pair of stumps fuse together 
later on and produce the broad plate 
already mentioned as the characteristic 
mouth appendage of the Order. 

After the animal is hatched it has 
still, in the case of most Myriapods 
(those which are not hatched with all 
the segments complete), to undergo a 
further development, and in particular 
the eyes are still unformed. The pro- 


dess of development of the eye has only been followed out as yet 


in the Chilognatha, and in only one form, Julus^ and is so curious 


that a short account may be of interest here. The develop¬ 


ment of the eye begins (in JvJl%t$) on the fourth day after hatch¬ 
ing, and continues until the animal is full grown. A single 
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ocellus or eye-spot appears first, and the rest are added one by 
one until the full number are reached. 

The first appearances connected with the formation of the 
eye take place in the cellular layer just beneath the chitiiious 
exoskeleton. This layer, called the hyj>odermis, [days an im¬ 
portant part in the organisation of the animal. It forms the 
inner layer of what we may call the skin of the animal, and the 
cells of which it is composed secrete the chitin of which the 
shell or exoskeleton of the animal is composed, and which is 
moulted every yeiir. 

The first process in the formation of the eye-spot is the 
thickening of the hypodermis beneath the chitin, just in the 
pltice where the eye will come. 

At the same time the cells of 
this thickened mass of hypoder¬ 
mis secrete a quantity of pigment 
of a dark red brown colour. 

Next the cells of the thick mass 
of hypodermis In^^gin to separate 
from one another in such a way 
that a vesicle is formed. This 
vesicle is hollow inside, and the 
thick walls are formed from the 
cells of the thickened hypodermic 
mass. This can be seen from 
Fig. 44, which represents a 
section through an ocellus when 
it is jmrtly formed. From this 
vesicle the eye is formed. 

The wall of the vesicle near¬ 
est the exoskeleton gives rise to 
the lens of the eye, while the 
other walls of the vesicle form 
the retilial parts of the eye. 

The cells from the brain grow out 
and form the optic nerve connecting the retina with the brain. 
The whole eye spot is covered internally by a thin membrane, 
formed not from the hypodermis but by cells from the inside of 
the body (mesoblast cells). 

In the Chilognatha, the first Order of Myriapods, the young 



Fio. 44.—Section through eye when first 
forming: hypoiierniis; Lit,lens; 

F, ir. r, front waU of optic vesicle ; 
b,w.v, back wall of vesicle; cap, 
capsule. 
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animal leaves the egg with three pairs of appendages; the first 
have already the form of antennae, the second will form the 
jaw’s, but liave not yet taken their proper form, while the third 
jmir will fuse together and alter their shape so tis to form the 
curious plate that has already been mentioned as forming the 
second pair of mouth appendages. Beliiiid tlie mouth ap[>end- 
ages will come the first three piiirs of legs. The whole young 
animal on leaving the egg is eiiveloj)ed in two membranes. 
These membranes are secreted by the outside layer of cells in 
the same way that the shell or exoskeletoii of the animal will be 
eventually formed, and represent the first two moults of the 
animal, which continues to moult its shell every year through¬ 
out lif^. 

Of the Chilopoda, the second Order of Myriapods, all the 
families leave the egg-shell \vith the full number of legs, with 
the exception of the Lithobiidae, which have seven pairs of legs 
including the i)oison-claws. The Schizotarsia, the third Order, 
also have seven pairs of legs when hatched. 

The legs make their apjHjarance not one by one but in 
batches (in Julus terrestris in batches of five). The addition of 
legs and segments to the body takes place, not at the end of the 
body, but between the end segment and the penultimate. 

This is a short sketch of the gradual development of the 
Myriapoda from the ovum to the fully-grown animal. It is, T 
am aware, a short and insufficient account of all the 1)eautiful 
processes by which the different organs take their rise, but 8])ace 
is insufficient here, and too much detail would be out of place in 
a work of this nature, which only aims at giving an outline 
sketch of the group, which shall be intelligible to the general 
reader who has not made a sjKJcial study of such matters. 
Before leaving the sul)ject, however, I must mention a few 
of the points of interest which are to be learned from tlio 
examination of the course of development which luis l)eeu 
sketched here. One of the greatest puzzles in the natural 
history of the Order Chilognatha has always been the double 
segments, as they are called; that is, in fact, the possession of 
two pairs of legs to each segment, which is, as we have already 
said, a distinguishing cliaracteristic of the Order. As we have 
seen, the Chilognatha at an early stage of existence do not 
possess this characteristic, which is only jieculiar to the adult 
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and half-grown forms, ifow what does this mean ? Does each 
double segment in the full-grown Millepede represent two 
segments whicrh have l>ec*ome fused together, or is each double 
segment, so called, a real segment resembling the segments 
present in the other Orders (for instance, Chilopoda), which has 
grown an extra pair of legs ? Both these views liave Ijeen 
advociited by distinguislied naturalists. Neither of them is, in 
my opinion, quite right when viewed in the light cast on the 
subject l)y recent investigations into the life history of the 
Chilognathii. 

A close examiimtion into the minutiae of the growth of the 
diflerent organs lias shown us that the double characters of the 
double segments are more deeply seated than was imagined. 
The circulatory system, the nerve cord, and the first traces of 
segmentation in tlie mesoblast all show this double character, 
and the only single pirt about the segment is the broad plate 
covering the s<‘gnient. Now in some of the most ancient of the 
fossil Myriapods this broad ]»late shows traces of a division, as if 
it were in reality two plates fused together. "We have also to 
consider that the life history of the Chilognatha allows us to 
believe that the peculiar cylindrical sha|>e of the body shown in 
the greatest degree in the Julidae is attained by the unequal 
develoi)inent of the dorsal and ventral surfaces of the body; the 
ventral surface being comjiressed together till it is extremely 
narrow, and the dorsal surface, as it were, growing round it till 
the originally dorsal surface forms almost a complete ring round 
the body. Taking all this into consideration, we are justified, in 
my opinion, in concluding that each double segment in the 
Chilognatha is not two segments fused together, nor a single 
segment bearing two jiairs of legs, but is two complete segments 
jKirfect in all iiarticulars, but united by a large dorsal plate 
which was originally two plates which have been fused together, 
and which in most Chilognatha surrounds almost the whole of 
two segments in the form of a ring. 

Again in the ChilojXKia we see that a great distinctive feature 
that separates them from the Chilognatha is the character of the 
ventral nerve cord, the cord lieing double and not single, a 
chanicter connected with the fact that the Imses of the legs are 
widely separated from one another, and not closely apprtmehed 
to each other, as in the Chilognatha. As we before said, a more 




7 ^ 


MYRIAPODA 


CHAF. 


minute anatomical examination showed us that this difference 
was not so great as appeared at first sight, the cord showing 
traces of a duplication. Well, are these traces sujierficial, or do 
they represent a state of affairs more or less similar to that in 
the Chilopoda ? Embryology helps us to answer this question 
also. In the early stages of the Chilognatha we find that the 
nerve cord has exactly the form of that in Chilopoda, showing us 
that the appearances in the anatomy had led us to a right con¬ 
clusion, and giving us a valuable confirmation of our views. 
These two examples will serve to show the kind of interest 
which attaches to embryology. 

Palaeontology. 

We have seen that embryology enables us to look at the 
structure of the Myriapods from a new staiulpoint, and to correct 
and supplement the knowledge gained from an examination of 
the adult animal. In the same way a study of the forms of 
Myriapods which have become extinct on the globe, and have 
been preserved to us in a fossil form, gives a further opportunity 
of considering the relations of one form to another, and again of 
the relations of our group to other groups of animals now exist¬ 
ing on the earth. Myriapod fossils have been found in strata of 
great antiquity. The oldest of such fossils must liave been 
among the first land animals. The figure below shows a fossil 
Myriaj)od found in America, belonging to tlie Order of the 
Proto.syngnatha which are only found in the Palaeozoic strata. 
It is a good example of the manner in which Myriapods were 
protected by bundles of bristles in the same way as the 
Polyxenus of the present time. 

The oldest fossil Myriapods which liave been discovered at 
the present time are two species which have been found in the 
Old Bed Sandstone in Scotland. To realise the antiquity of these 
Myriapods, it will be worth while recalling the typical fossils 
found in the Old Bed Sandstone, so as to see what the contem¬ 
poraries of these ancient Myriapods were like. Among the plants 
there were Algae, Ferns, and Conifers, belonging to the lower 
divisions of the plant tribe. Among the animals there were 
Sponges, Corals, Starfish, Worms, Shell-fish, and Fishes, but none 
of the more highly organised of the animal or vegetable tribe 
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had appeared on tlie earth. The Myriapods of the Old Eed 
Sandstone, as has been before said, differ considerably from those 
of the present day, and as we proceed towards the species found 
in the more recent strata we find them more and more like the 
ones at present living, till we get to the Polyxenus and other 
sjKicies found in amber, which are hardly to be distinguished 
from living forms. 

The next oldest fossil Myriapods are found in the coal 
measures, when both the animal and vegetable kingdoms were 
represented by more numerous and more specialised forms. The 
fossil fauna of this jjeriod is characterised by the number of 
gigantic Amphil)ia, many remains of which have been founcL 
The great forests and the abundant vegetation of this time must 
have been favourable to the existence of our class, and accord¬ 
ingly we find no less than 32 si>ecies of fossil Myriapods. Of 


Fig. 45 .—PaiaMcampa an- 
thrajc, (After Zittel.) 
From Mazon Creek, 
lUiuois. 



these most have been found in America, some in Great Britain, 
and some in Germany. One w'ell-preserved fossil of Xylohius 
dgUlariae was found by Dr. Dawson in America in the stump of 
a tree in the remains of a fossil forest. The eyes, head, and 
legs were plainly st^en under the microscope. All these fossils 
belong to the earliest or Palaeozoic period. 

The figure below (Fig. 46) shows a fossil also from the coal 
formations of Illinois, America, belonging to the family of the 
Euphol)eriidae mentioned further on. It sliows a nearer approach 
to the Julidae of the present time.. The limbs, however, w’ere of 
very curious shape, and may possibly have been adapted to loco¬ 
motion in water as well as on land, and the small supposed 
branchiae on the ventral surface showm in Fig. 46, B, may possibly 
have been an arrangement to render respiration in the water 
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In the secondary period the Myriapods were scantily repre¬ 
sented, or, at any rate, geologists have failed to find their fossils. 
The class is represented by a single specimen found in the chalk 
in Greenland. This fossil, which has been included in the 
Julidae under the name of Julopsis cretacea, may perhaps belong 
to the Archipolypoda. 

Passing on to the Tertiary or Recent period, we find the 
Myriapods again numerous, and more nearly resembling those 
living at the present time. They belong mostly to the Chilo- 
gnatha and Chilopoda. They have l)een found in the fresh-water 
gypsum of Provence in France, the brown coal of Germany, and 
the green river formations of America. Several have been found 
in amber. 

Fossil Myriapods have been divided into four Orders, two 


Fig. 46.— Acan- 
theri>ed*\s vyijor, 
(After Zittel.) 
Mazoii Creek, 
Anierira. A, 
T h e \v ]j o 1 e 
fiiiimal ; B, 
brunehiae on 
tlie ventral sur¬ 
face. 

of which coincide with the Orders of living Myriapotls; the 
differences between the fossils and the living MyriajHxls having 
been held insufficient to warrant the establisliment of a new 
Order. These two Orders are the ChilojKjda and the Dijilopoda 
or Chilognatha (I)iplopoda is another name u.sed by some writers 
for the group which we have hitherto called Chilognatha). The 
other two Orders have suflicient differences from living forms to 
render it necessary to include them in separate Orders. 

The fossil Myriapods, then, are arranged as follows:— 

Order I. Protosyngnatha. 

Order II. Chilopoda. 

Order III. Archipolypoda. 

Order IV. Chilognatha (or Diplopoda). 

The following table will show the species that have been dis¬ 
covered in the different strata:—- 
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Old ReXdstone } ^ «l>ecies of ATchipolypod.t. 


j 1 species Protosyiignaiha 
( 31 species Archipobjpoda 
Permian (Kothliegendea of Germany), 4 specimens belonging to the 
Julidae or Archijjolypodti, 

f Arddpolypoda or 
( Chiloynatka 
f 17 species Chilopoda 
Oligoeene \ . ( lHpli>t>oda 


Curboniferoiis 


Cretaceous, . 1 species 


!Miocene, . 1 8]>ecic8 


(Chiloynalha) 
j Diplojtoda 
( {Chiloynaiha) 


I will now ^ivo a short account of the different Orders, and 
tlie fossil forms wliicli are included in them. 


Order I. Protosyngnatha. 

Tins Order is represiuited hy a single fossil (Fig. 45), dis- 
coveri*d in the c<)al at blazon Creek, Illinois, America, by Meek 
and "Worth. It ditfers greatly from any of those in existence at 
the i)resent day. The body is cylindrical, and composed of 
ten st?gments. The ce}>halic apjKindages (that is, the antennae 
and mouth parts) are inserted into a single unsegmented cephalic 
mass (the head). Pkch st^gment behind the head bears a single 
dorsid and ventral jdate of equal breadth and length. The 
limbs are placed in thesis jdates with a wide space between the 
base of each leg and that of the opposite one of the pair. Along 
the back, bundles of bristles are arranged in longitudinal rows. 


Order II. Chilopoda. 

The fossil forms of this Order resemble those of the Chilopoda 
of the present day. The oldest of them are found in amber. 
The following families have been found:—• 

Liihobiidae, Several species have been found in amlxir. 
8 colo 2 )€ndridae. One siiecies in amber, several sjK'cies in 
later Tertiary formations. 

Geophilidae. Three st^ecies in amber. 

Two siHKiies resembling the Schizotarsia of the present daj 
have been found in amber. 
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Order IIL Archipolypoda. 

The most ntimerous of the fossil families. With a few 
exceptions, all the l^ilaeozoic (that is, the oldest) Myriapods belong 
to this Order. The Carboniferous Archipolypoda seem to be 
much more numerous in the coal of America than in that of 
England. They resemble for the most part the Myriapods of 
the present day, except that all the segments without exception 
bear legs. 

The families are three in number. 

Family 1, Archidesmidae* 

Resemble the Polydesniidae of the present day. Two species have been 
found by Page in the Old Red Sandstone of Forfarshire. He named them 
Kampecai'is, One found by Peach in the siunc formation is called Archi- 
desnius. 

Family 2. Euphoheriidae, 

They show some resembhince to the Julidae of the present day, but the 
dorsal scutes, or plates of the l)ack, are more or less j»erfectly divided into 
two divisions corresjwnding with the pairs of legs. The following are the 
principal fossils of this family :— 

Acantherpestes, Found by Meek and Worth in the coal at Mazon Creek 
in America (Fig. 46). 

Euphoheria, About 12 8i)ecies found at the same place as the last 
named. 

Amylispes. FoutkI by Scudder, Mazon Creek, America. 

EUeticm. Scudder, Mazon Creek, America. 

Family 3. Archijulidae, 

The dorsal plates nearly consolidated, but the division still apparent 
Fossil forms are— 

Trichijulus. Scudder, Mazon Creek, America. 

Xylobtus. DaM’son. Found in the coal in Nova Scotia. Two species 
found at Mazon Creek, America. 

Order IV. Ohilognatha. 

Families corresponding to those of the present day. The 
oldest specimens come from the chalk in Greenland; most of the 
others from amber. 

^ Family 1. Glomeridae. One form, G, denticulata, has been found in 
amber* 

Family 2. Polydemidae. Two species in amber. 

Family 3, Lynnpetnlidae. A number of species, amongst which are 6 
Croipedoitma, mostly from amber. 
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Family 4. Julidae, A nnml)er of species of this family have l^een 
found, some in amber, some in other Tertiary strata. Amongst the latter a 
probable example of Julus terrestris, living at the present time. 

Family 6. Polyxenuiae, Five species have been found in amber. 

Now that we have considered the structure of the Myriapods 
and the groups into which they are subdivided or classified, we 
may proceed to consider what position they hold in the house¬ 
hold of nature. That they present certain features of similarity 
to other classes has heen alre^idy mentioned, and that this is the 
fact cannot be doubted when we look back at the way in which 
they have been classified in the works of early writers. For 
example, Lamarck, the great French naturalist, classifies them 
with spiders in his well-known work, Za Phihmrphie Zoologique, 
under the name of Arachnides anteniiistes. Cuvier, the com¬ 
parative anatomist, unites them with the Insects, making tliein 
the first Order, while the Thysaniira is the second. We have 
already seen that one Order of Myriapods, the Symphyla, bears 
a great resemblance to the Thysaniira. The English naturalist 
Leacli was the first to establish Myriapods as a class, and his 
arrangement has heen followed by all naturalists after his time. 
But while their peculiarities of structure and form are sufticiently 
marked to separate them as a class, it cannot 1)6 denied that the 
older naturalists were right to recognise that they have many 
essential characjteristics in common with other classes of animals. 
And recent investigations have einj)hasised this fact. For in¬ 
stance, let us consider tlie recent discoveries of the Orders of 
Symphyla and Fauropoda, Orders which, while liearing so 
many of the characters of Myria|K)ds that naturalists have 
agreed to place them in that class, yet resemble in many 
important points the Insect Order of Thysaniira. This seems to 
justify Cuvier in claiming the close relationship for them that 
he <lid. 

Kecent investigations have also brought out more prominently 
the resemblances to tlie Worms. Of late, considerable atten¬ 
tion has been directed to Peripattts (jsee pp. 1-26), and the resem¬ 
blances to the Myriapods in its anatomy and development are 
such that Latzel has actually included it in the Myriapods as 
an Order, Malacopoda. Now Peripatm also shows resemblances 
to the annelid Worms, and thus affords us a connexion to the 
Worm type hardly less striking than that to the Insect This 
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resemblance to the Worms, which Myriapods certainly \yenr, was 
noticed by the ancient writers, and as they had for the most 
part only external appearances to consider, they pushed this 
idea to extremes in actually including some of the marine 
Worms (Annelida) among the Centipedes. Pliny talks of a 
marine Scolopendra as a very poisonous animal, and there is little 
doubt that he meant one of the marine worms. An old German 
naturalist, Gesner, in a very curious book published in 16G9 gives 
an account of an annelid sea-worm which he calls Scolopendra 
marina^ and which is in all probability the sea Scoloj)endra 
which Pliny mentions. From Gesner*s account it seems to have 
been used as a medicine (externally only). “ The use of this 
animal in medicine. The animal soaked in oil makes tlie hair 
fall ofP. So do its ashes mixed in oil.” It was also pounded up 
with honey. 

This idea of Centipedes living in water survived among later 
naturalists. Charles Owen, the author before quoted, mentions 
them as amphibious in 1742. “The Scolojxmdra is a little 
venomous worm and amphibious. When it wounds any, there 
follows a blueness about the affected part and an itch all over 
the iKKly like that caused by nettles. Its weapons of mischief 
are much the siime with tlujse of the spider, only larger; its 
bite is very tormenting, and produces not only pruriginous ])ain 
in the ffesh, but very often distraction of mind. These little 
creatures make but a mean figure in the ranks of animals, yet 
have been terrible in their exploits, particularly in driving 
people out of their country. Thus the people of Khytium, a 
city of Crete, w^ere constrained to leave their quarters for them 
(Aelian, lib. xv. cap. 26).” 

Myriapods have l)een considered to bear resemblances to the 
Crustacea, and this to a certain extent is true, tliough only to a 
certain extent, the resemblances being confined to the more 
general characteristics that they share with other groups of 
animals. 

Of late years attempts have been made to speculate about the 
origin of the Myriapods—that is, to endeavour to obtain by means 
of investigation of their anatomy, embryology, and palaeontological 
history, some idea of the history of the group. Such attempts at 
research into the phylogeny^ as it is called, of a group must be 
more or less speculative until our knowledge is much greater than 
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it is at present. But such inquiries have their value, and the 
schemes of descent and phylogenetic trees, at any rate, indicate a 
real relation to different groups, even if they do not provide us 
with a real and actual history of the animals. 

There have heeii two main theories al)out the descent of the 
Myriapoda. One of these derives them directly from the Insecta 
through the forms known as the Tliysanura, which resemble in 
such a degree the Myriapod Orders of Symphyla and Tauro- 
po<ia. Tlie other theory holds that tlie Myriapods, as well as the 
Insecta, have been derived from some ancestor bearing a resem- 
l)lance to Periputus. In other words, one theory claims that the 
relationsliip of Myriapoda to Insecta is that of father and son; 
the other that tlie relationship between the two is that of 
lirother to brother. The arguments by which these theories are 
respectively 8up])ort(‘d c(»nsist for the most part of an analysis of 
the diflerent characters of the anatomy and embryology and the 
determination of the most primitive among them. For example, 
the supporters of the theory that the Tliysanura are the most 
nearly allied to the Myriapod ancestor lay great weight on the fac-t 
that some Myria])ods are born with three pairs of legs only, and 
they compare this stage in the life history of the Myriapoda to the 
metamorphosis and larval stage of Insects. For the supporters 
of this view the Ordei-s of Symphyla and I^iuropcKla are the 
most primitive of the Myriapods. On the other hand, the 
followers of the other theory do not allow that the characters 
in which the ^Myriapods an* like Insects are primitive ones, but 
they lay more stress on the characters found in the early 
development, such as the character of the piaxess of the forma¬ 
tion of the body segments, the mesoblastic segmentation, and the 
origin of the various organs of the body. 

It may be easily uiiderstCKid that such differences in the 
estimation of the primitive characters of the embryology of a 
group may arise. Embryology has been compared by one of the 
greatest of modern embryologists to “ an ancient manuscript with 
many of the sheets hxst, others displaced, and with spurious 
passages interpolated by a later hand.” What wonder is it that 
different people examining such a record slioiild come to different 
conclusions as to the more doubtful and difficult j)ortions of 
it. It is this very difficulty which makes the principal interest 
in the study, and although our knowledge of the language in 
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which this manuscript is written is as yet imperfect, still we 
hope that constant study may teach us more and more, and 
enable us to read the great book of nature with more and more 
ease and certainty. 

If any of my readers should wish for a more full account of 
the natural history of this group I must refer them to the 
following works, which I have used in compiling the above 
account. In the first of these there is an excellent bibliography 
of the subject:— 

Latzel; Die Myriapoden der Oesterreichiscli-Ungarischen Monarchic, Wien, 
1880. 

Zittel, Handbuch der Palaeontologie, 1 Ahth, IT. M., Leipzig, 1881-1885. 
Korschelt and Heider, Lebrbuch der vergleichendeu EntwickUingsgeschichte 
der wirbellosen Thiere, Jena 1891. 


Some later work of Scudder on Palaeontology must be mentioned. He 
establishes a family Gerascutigeridae, with a genus Latzelia. Also a family 
Eoscolopendridae in which he includes Eileticus, also a genus Palenarlhriui 
in which is placed a scolopendriform Chilopod. A new genus Ilyodes also 
chilopodiform. Amylispes, he thinks, may be allied to Glomeridae. Trichi- 
julus must be given up. A new species of Acantkerpestes, More species of 
Eaphoberia, 2 new species of Xylobius were discovered in coal 

Pocock divides the Diplopoda into 3 orders : Oni.scomorpiia, with families 
Glomeridae and Zephroniidae ; Helmikthomorpha, with sulx)rders Juloidea, 
Chordeumoidea, Polydesmoidea; and Limacomorpha, with family Glomeri- 
desmidae. 

Tlie systematic position of Symphyla and Pauropoda has l)een the subject 
of much discussion. Pocock places Symphyla in a Class and Kenyon places 
Pauropoda in a Suborder. 

Many naturalists believe that Chilopoda should l)e united with Hexapoda. 
There is no room for a discussion of the point, but I must refer my readers 
to Pocock, ZooL Anzeiger, xvi. 1893, p. 271; Kingsley, Tufts Coll Studies^ 
No. 1, 1894, p. 15; Bollman, Bull U.8, Nal Mus,, Na 46, 1893, where 
they will find the arguments for this view. 

For further information on Pauropoda and Symphyla, see P. Schmidt, 
ZHtsehr. wiss. Zool lix., 1895, p. 436; Kenyon, Tufts Coll Studies, No. 4, 
1895, p. 77. 
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CHAPTER III 


CHAIIACTERTSTTC FEATURES OF INSECT LIFE—SOCIAL INSECTS- 

DEFINITION OF THE CLASS IXSKCTA -COMPOSITION OF INSECT 

SKELETON-NUMBER OF SEGMENTS-NATURE OF SCLERITES- 

HEAD-APPENDAGES OF THE MOUTH-EYES-THORAX- 

ENTOTHOUAX-LECiS-\VIN(;S-ABDOMEN OR HIND BODY- 

SPIRACLES-SYSTEMATIC ORIENTATION. 

Insects form ])y far tlio lar^^cr ]>art of the land animals of tlie 
world; they outnumber in s})eeies all the oilier terrestrial animals 
together, while compared with the Vertebrates their nuniliers are 
simply enormous. Yet they attract but little attention from the 
ordinary (»bserver, this being probably iirimarily due to the small 
size of the individual Insect, which leads the imretlecting to treat 
the creatun* as (»f little importance. “ It can be crushed in a 
moment is ]H*rhaps the unformulated idea that underlies the 
almost complete neglect of knowledge concerning Insects that 
prevails even in the educatcHl classes of society. The largest 
Insects scarcely exceed in bulk a mouse or a wren, while the 
smallest are almost or (juite inqwceptible to the naked eye, and 
yet the larger ]»art of the animal matter existing on the lands 
the glolx? is in all probability locked uj) in the forms of Insects. 
Taken as a whole they are the most successful of all the forms of 
terrestrial animals. 

In the waters of the glolK) tlic predominance of Insect life 
disapjx^ars. In the smaller collections of fresh water many 
Insects lind a home during a jiortion of their lives, and some few 
contrive to pass their whole existence in such places; but of the 
larger Ixxlies of fresh water they invade merely the fringes, and 
they make only the feeblest attempt at existence in the ocean; 
the genus Halobates containing, so far as we know, the sole Insects 
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that ai*e capable of using the ocean as a medium of existence at 
a distance from the shore. 

It will probably be asked, how has it come about that creatures 
so insignificant in size and strength have nevertheless been so 
successful in what we call the struggle for existence ? And it is 
possible that the answer will be found in the peculiar relations 
that exist in Insects between the great functions of circulation 
and respiration; these being of such a nature that the nutrition 
of the organs of the body can be carried on very rapidly and very 
efficiently so long as a certain bulk is not exceeded. 

Eapidity of growth is carried to an almost incredible extent 
in some Insects, and the powers of multiplication—which may 
be considered as equivalent to the growth of the species—even 
surpass the rapidity of the increase of the individual; wliile, as 
if to augment the favourable results attainable by the more usual 
routine of the physiological processes, metamorphosis ” has In^en 
adopted, as a consequence of which growth and development can 
be isolated from one another, thus allowing the former to go on 
unchecked or uncomplicated by the latter. A very simple 
calculation will show how favourable some of the cliii*f features 
of Insect life are. I^et it be sup])osed tliat growth of the 
individual takes time in prop>rtion to the bulk attained, and let 
A be an animal that weighs one ounce, B a creature tliat weighs 
ten ounces, each having tlie power of producing 100 young when 
fidl grown; a simple calculation shows that after the lapse of a 
time necessary for the production of one generation of the larger 
creature the produce of the smaller animal will enormously out¬ 
weigh that of its Imlkier rival. Ih-olmbly it was some considera¬ 
tion of this sort that l(;d Linnaeus to make liis somewhat para¬ 
doxical statement to the effect that tliree flies consume the 
carcase of a horse as quickly as a lion.^ 

Astonishing as may be the rapidity of the physiological pro¬ 
cesses of Insects, the results attained by them are, it must l>o 
admitted, scarcely less admirable: the structures of the Insect’s 
body exhiVnt a perfection that, from a mechanical point of view, is 
unsurpassed, while the external bc*.auty of some of the creatures 
makes them fit associates of the most deliciite flowers or no mean 
rivals of the most gorgeous of the feathered world. The words 

^ Tres moacao consumunt cadaver equi, aoque cito ac loo. Syst, Nat,, ed. xii. ref. 
1. pt. 2, p. 990. 
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of Linnaeus, " Natura in minimis maxime miranda,” are not a 
mere rhetorical effort, but the expression of a simple truth. Saint 
Augustine, too, though sj)eaking from a point of view somewhat 
remote from that of the great Swedish naturalist, expressed an 
idea that leads to a similar conclusion wlien he said, Creavit in 
coelum angelos, in terrain vermiculos; nec major in illis nec minor 
in istis” (see note on p. 505). 

The formation of organised societies hj some kinds of Insects 
is a phenomenon of great interest, for there are very few animals 
except man and Insects that display this method of existence. 
Tarticulars as to some of these societies will be given wdien we 
treat of the Termitidae, and of the Hymenoptera Aculeata; but 
we will take this opportunity of directing attention to some points 
of geiKU'al interest in connexion with this subject. In Insect 
societies we find that not only do great numters of separate 
individuals live togetlier and adopt different modes of industrial 
action in accordance with the position they occupy in the 
association, but also that such individuals are profoundly modified 
in the structures of their body and in their ])hy8Kd(»gical 
pr(X?esses in such ways as to sjiecially fit them for the parts they 
have to play. We may also see these sixiieties in wdiat may he 
considered different stages of evolution; the phenomena we are 
alluding to Inniig in some species much less marked than they 
are in others, and these more primitive kinds of societies lieing 
composcil of a smaller numln'r of individuals, which are also much 
less different from one another. We, moreover, meet with complex 
societies exhibiting some remarkably similar features among 
Insects that are very different systematically. The true ants 
and the white ants Udong to groups that are in structure and in 
the mode of growth of the individual essentially dissimilar, though 
their social lives are in several important respects analogous. 

It should l)e remarked that the phenomena connected with the 
social life of Insects are still only very imjierfectly known; many 
highly important points In ing quite obscmre, and our ideas being 
too much based on fragments gathered from the lives of different 
S|X5cies. The honey bee is the only social Insecd of whose economy 
we have anything approaching to a wide knowledge, and even in 
the case of this Insect our information is neither so complete nor 
so precise as is desirable. 

The various branches of knowledge connected with Insects 
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are called collectively Entomology. Altliough entomology is 
only a department of the great science of zoology, yet it is in 
practice a very distinct one; owing to its vast extent few of 
those who work at other branches of zoology also occupy them¬ 
selves with entomology, wliile entomologists usually confine 
themselves to work in the vast field thus abandoned to them. 

Before passing to the consideration of the natural history and 
structure of the members of the various Orders of Insects we will 
give a verbiil diagrammatic sketch,if we may use such an expression, 
with a view to explaining the various terms that are ordinarily 
used. We shall make it as brief as possible, taking in succeasion 
(1) the external structure, (2) internal structure, (2») development of 
the individual, (4) classification. 

In the course of this intrcHluctory sketch we shall find it 
necessiiry to mention the namt^s of some of the Orders of Insects 
that will only l)e ex]»lained or defined in subsequent pages. We 
may tlierefore here state that the term Orth()})t(‘ra includes 
gnisshoppei*s, bxjusts, earwigs, cockroaches; “ Ncniroptera ” com¬ 
prises dragon-flies. May-flies, lacewings, stone-11 ies ami caddis-flies ; 
to the “ Hymenoptera ” l)elong l)ee.s, wasi>s, ants, sawflies, and a 
host of little creatures st*arcely noticed by the ordinary o])server: 
“ Coleoptera ” are beetles ; Ixqudoptera,” butterflies and moths ; 

Diptera,’' house-flies, blue-bottles, daddy-longlegs, and such; 

Hemiptera ” or Khynchota ’’ are bugs, greenfly, etc. 

Class Insecta: or Insecta Hexapoda. 

Definition ,—Insects are small animals, having the body divided 
into three regions placed in longitudinal succession—head, thorax, 
and abdomen: they take in air by means of tracheae, a system of 
tubes distributed throughout the body, and oi)ening externally l)y 
means of orifices jdaced at the sides of the body. They liave six 
legs, and a pair of antennae; these latter are placed on the head, 
while the legs are attached tothe thorax, or second of the three great* 
body divisions; the abdomen ha.s no true legs, but not infiequently 
lias terminal appendages and, on the under surface, protulKminces 
which serve as feet. Very frequently there are two imirs of 
wings, sometimes only one pair, in other cases none: the wings 
are always placed on the thorax. Insects are transversely seg¬ 
mented—that is to say, the IxKly has the form of a succession of 


Ill 


STRUCTURE 


87 


rings; but this condition is in many cases ol^scure; tlie num])er 
of these rings rarely, if ever, exceeds thirteen in addition to tlie 
head and to a terminal piece that sometimes exists. Insects usually 
change much in a})pearance in the course of their growth, the 
annulose or ringed condition lieing most evident in tlie early part 
of the individuaTs life. The legs are usually elongate and 
apparently jointed, hut in the immature condition may be alto¬ 
gether absent, or very short; in the latter case the jointing is 
obscure. The number of jointed legs is always six. 

External Structure. 

Tlie series of rings (»f which the external crust or skeleton of 
Insects is composed (‘xhibits great modiftcations, not only in the 
various kinds of Insects but even in the different parts of the 
same individual, and at successive periods of its development; 
so that in the majority of mature Insects the si^parate rings are 
readily distinguished only in the hind body or abdomen. The 
total number of the visilJe rings, segments, somites, or arthromeres, 
as they are variously called l>y dilferent writers, is frequently 
thirteen in addition to the head. This latter i)art is considered 
to 1 h', itself composed of the elements of several rings, but mor- 
])hologists are not yet agreed as to their numl)er, some thinking 
this is three while otlu*rs ])lac43 it as high as seven; three or four 
being, jierhaps, the figures at jiresent most in favour, though 
Viallanes, who has recently discmsseil ^ the subject, considers 
six, the numiH'r suggi‘sted by Huxley, as the most prokible. 
Cliolodkovsky is of a similar opinion. However this may be, 
the three rings Udiiiid the head constitute the thorax, which is 
always largely devehqHHl, though, like the head, its segineiita- 
tiou is usually very muc h ob.scured by unequal development of 
diffen^nt jiarts, or by consolidation of some of them, or by both 
of these conditions. The third great division of the IkhIv, the 
abdomen, is also usually much mexlified by one or more of the 
terminal segments Ixung changed in form, or even entirely with¬ 
drawn into the interior of the Inxly. The existence of ten 
segments in the hind iKxly can, however, be very frcnpiently actually 
demonstrated, so that it is correct to siH?ak of ten as tlie normal 
number. 

' Ann, Set, AV, (7) iv, 1887, p. 111. 
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It is no reproach to morphologists that they have not yet 
agreed as to the number of segments that may be taken as 
typical for an Insect, for all the branches of evidence l)eariug on 
the point are still imperfect. It may l)e well, therefore, to state 
the most extreme views that appear to be at all admissible. 
Hagen ^ has recently stated the opinion that each thoracic segment 
consists really of three segments—an anterior or wing-bearer, a 
middle or leg-bearer, and a posterior or stigma-bearer. There 
seems to be no reason for treating the stigma as being at all of 



Fig. 47—Diagram of exterior of insect: the two vertical dotted lines indicate the 
divisions between H, head; T. thorax; and A, ab 4 loineii: a, aiiteima; 6 , labrum ; 
c, mandible ; (f, maxillary palpus ; c, labial palpus ; /, facetted eye ; gf, pronotum ; 
A, mesonotum ; t, metanotum ; A, wings; to /jq, abdominal segments ; the 
internal membranous portions uniting the apparently separated segments ; n, cerci ; 
Of stigma ; />, abdominal pleuron bearing small stigmata; 7 ,, ^ 3 , ^ 3 , pro*, meso-, 
nieta^sterna; rj, mesothoracic episternuin ; si, epimeron, these two forming the 
mesopleuron; r.^, « 2 , metathoracic epistemum aud epimeron; coxa; v, trochanter; 
10 , femur; x, tibia; y, tarsus; s, gula. 


the nature of an appendage, and the theory of a triple origin for 
these segments may be dismissed. There are, however, several facts 
that indicate a duplicity in these somites, among which we may 
specially mention the remarkable constancy of two pleural pieces 
on each side of each thoracic segment. The hypothesis of tliese 
rings being each the representative of two segments cannot there¬ 
fore be at present considered entirely untenable, and in that case 
the maximum and minimum numbers that can be suggested 
appear to be twenty-four and eleven, distributed as follows:— 

> SMlin. Mt. ZeU. 1. 1880, p. 185. 





Ill 


STRUCTURE 


89 



Maximum. 

Minimum. 

Head 

. 7 

3 

Thorax 

. 6 

3 

Alxloiiien . 

. 11 

5 

Total 

. 24 

11 


Altliough it is not probable that ultimately so great a difference 
as these figures indicate will lie found to prevail, it is certainly 
at present i)reiriature to siiy that all Insects are made up of the 
same numl)er of primary segments. 

A brief account of the structure of the integument will l>e 
found in the chapter dealing with the pust-einbryonic develop¬ 
ment. 

The three great regions of the Insect body are functionally as 
well as anatomically distinct. The head Invars the most important 
of the sense organs, viz. the antennae and wular organs; it includes 
the greater of the nerve-centies, and carries the mouth as well 
as the appendages, tin* trophi, connected therewith. The tliorax 
is chiefly devoted tc» the organs of locomotion, lH.*aring externally 
the wings and legs, and including considerable masses of muscles, 
as well as the n(*rvo centres l)y which they arc innervated ; through 
the thorax there pass, liowever, in the longitudinal direction, 
those structures l)y wdiich the unity of the organisation is com- 
ideted, viz. the alimentary canal, the dorsiil vessel or “ heart ” for 
distributing the nutritive fluid, and also the nerve cords. The 
alKlomeu includes the greater ])art of the organs for carrying on 
the life of the individual and of tlie s})ecies; it also frequently 
l)ear8 externally, at or near its termination, api)endages that are 
doubtless usually organa of sense of a tactile nature. 

In the lower forms of Insect life there is little or no actual in¬ 
ternal triple division of the body; but in the higher forms such 
separation l>ecomes wonderfully complete, so that the head may 
communicate with the thorax only by a narrow isthmus, and the 
thorax with the abdomen only by a very slender link. This 
arrangement is carried to its greatest extreme in the Hymenoptera 
Aculeata. It may l)e looked on as possibly a means for separating 
the nutrition of the jmrts included in the three great lK)dy 
divisiona 

Along each side of the l>ody extends a series of orifices for the 
admission of air, the stigmata or spiracles; there are none of 
these on the head, but on each side of most of the other segments 
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there is one of tliese spiracles. This, however, is a rule subject 
to many exceptions, and it is doubtful whether there is ever a 
spiracle on the last abdominal segment. Even in the young stage 
of the Insect the numl)er of these stigmata is varial)le; while 
in the perfect Insect the positions of some of the stigmata may be 
much modified correlatively with the unequal develojunent or 
consolidation of parts, esjxKdally of the thorax when it is highly 
modified for liearing the wings. 

The segments of the Insect are not separate parts connected 
with one another by joints and ligaments; the condition of the 
Insect crust is in fact that of a continuous long sac, in which 
there are slight constrictions giving rise to the segnuuits, the 
interior of the siic l)eing always traversed from end to end by a 
tube, or rather by the invaginated ends of tlie sac itself which 
connect with an included second sac, the stoinach. I’he mon*, 
prominent or exposed {)arts of the external siic are more or less 
hard, while the constricted parts remain delicat(‘, and tlius the 
continuous bag comes to consist of a series of more or lt*ss hard 
rings connected by more delicate membranes. This condition is 



Fio. 48 —Tillus elcynf/atuSj fully ilisteiuletl larva. 


readily seen in distended larvae, and is sliown ]>y our figure 48 
which is taken from the same si)ecimen, whose portrait, drawn 
during life, will he given when we come to the Coleoj>tera, family 
Cleridac. The nature of the concealed connexions In^tween the 
apparently separate segments of Insects is sliown at 7/i, Fig. 47, 

p. 88. 

As the nurnlier of segments in the adult Insect corresponds— 
except in the head—with the iiuml>er of divisions that apjiear 
very early in the embryo, we conclude that the segmentation of 
the adult is, even in Insects which change their form very greatly 
during growth, due to the condition that existed in the embryo; 
but it must not be forgotten that imiiortant secondary changes 
occur in the somites during the growth and development of 
the individual. Henf^j in some cases tliere appear to ]>e more 
than the usual number of segments, e.g. Cardiophorns larva, 
and in others the number of somites is diminished by amal- 
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gaiiiation, or 1)y the extreme reduction in size of some of the 
parts. 

Besides tlie division of the body into consecutive segments, 
another feature is usually conspicuous; the upper part, in many 
segments, ]mug differentiated from the lower and the two being 
connected together by intervening parts in somewhat the same sort 
of way as the segments themselves are connected. Such a differen¬ 
tiation is nevei* visible on the head, but may frequently be seen in 
the thorax, and almost always in the abdomen. A dorsal and a 
ventral aspect are thus separated, while the connecting bond on 
either side forms a pleuron. By this differentiation a second form 
of symmetry is introduced, for whereas there is but one up}>er and 
one low(u* asjMict, and the two do not correspond, there (ire two 
lateral and similar areas. This bilateral symmetry is conspicuous 
in nearly all the i‘xternal ]wirts of the body, and extends to most 
of the internal organs. The jdeura, or lateral regions of the 
sjic, frciiuently remain luenibranous when the dorsal and ventral 
aspects are hard. The dorsjd parts of the Insect's rings are 
also calleil l)y writers terga, or nota, and the ventral parts 
sterna. 

'fhe aj)pendag(*s (»f the body are :—(1) a pair of antennae ; (2) 
the tr(»phi, constitute<i by three pairs of mouth-parts ; (3) three 
pairs of legs ; (4) the wings^; (5) abdominal appendages of various 
kinds, but usually jointed. Before considering these in detail we 
shall do wtdl to make ourselves more fully acquainted with the 
elementary details of the structure of the trunk. 

In the adult Instvt tlie integument or crust of the 1>ody is 
more or less hard or shell-like, sometimes, indeed, very hard, and 
on examination it will U* seen that lK*sides the divisions into 
segments and into dorsid, ventral, and pleural regions, there are 
lines indicating the existence of other divisions, and it will l>e 
found that by dissection along these lines distinct pieces can l)e 
readily separated. Each hard piece that can be so sepiiraUnl is 
emailed a sclcrite, and the individual sclerites of a segment have 
received names from entomotomists. The sclerites are not really 


' Tlio wings, by many morphologists, are not inclmled in the category of 
“ appendages "; they apparently, however, differ but little in their natim* from 
legs, both being outgrowths of the integument; the wings are, however, always 
post-embryonic in actual appearance, even when their rudiments can l>o. detected in 
the larva. No insect is hatched from the egg in the wing-bearing form. 
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quite separate pieces, though we are in the habit of speaking of 
them as if siicli were the case. If an Insect \ye distended Viy 
pressure from the interior, many of the sclerites can be forced 
apart, and it is then seen that they are connected by delicate 
membrane. The structure is thus made up of hard parts meeting 
one another along certain lines of union—sutures—so that the 
original membranous continuity may Ije quite concealed. In 
many Insects, or in parts of them, tlie sclerites do not come into 
apjKDsition by sutures, and are thus, as it were, islands of liard 
matter surrounded by membrane. A brief consideration of some 
of the more important sclerites is all that is necessary for our 
present purpose: we will iK^gin with the liead. 

Tlie head is most varialde in size and form; as a part of its 
surface is occupied by the eyes and as tliesc orgfins differ in 
8hai)e,‘ extent, and position to a surprising degree, it is not a 
matter for astonishment that it is almost impossible to agree as 
to terms for the areas of the liead. Of the sclerites of the head 


itself there are only three that are sulliciently constant and 
definite to Ikj worthy of description here. These are the clyjKHis, 
the epicranium, and the gula. The clypeus is situate on the 
upper surface of the head-c*upsule, in front; it Inuirs the labnim 
which may be briefly descrilied as a sort of flap forming an up|>er 
lip. The labrum is usually possessed of some amount of mobility. 
The clypeus itself is exce.ssively variable in size and form, and 
sometimes cannot be delimited owing to the obliteration of the 
suture of connexion with the more pisterior part of the head; 
it is rarely or never a paired piece. Occasionally there is a 



Pro. 49.—Capsule of head of beetle, ffarpalus 
caligifiosus : A, upper ; B, under surface: a, 
cljrpeus; b, epicranium ; c, protocranium ; 
<f, gula; e, facetted eye ; /, occipital fora> 
men; eubmentum; h, cavity for insertion 
of antenna. 


more or less tlistinct piece 
interiiosed hetween the 
clypeus and the lahrum, 
and which is the source 
of considerable difficulty, as 
it may be taken for the 
clypeus. Some authors call 
the clypeus the epistome, but 
it is lietter to use this latter 
term for the purpose of indi¬ 
cating the part that is imme¬ 
diately behind the labrum. 


whether that part be the clypeus> or some other sclerite; the 




Ill 


HEAD 


93 



term is very convenient in those cases where the structure cannot 
be, or has not l>eeii, satisfactorily determined morphologically. 

In Figure 50 the i)art8 usually visible on the anterior 
aspect of the head and its apj)endage8 are shown so far as these 
latter can te seen when the mouth is closed ; in the case of the 
Insect here represented the bases of the mandibles are clearly 
seen (-y), while their apical portions are ^ 

entirely covered by the labrum, just 
l>elow the lower margin of which the 
tips of the maxillae are seen, looking 
as if they were the continuations of the 
mandibles. 

The labrum is a somewhat perplex¬ 
ing piece, morphologists being not yet 
agreed as to its nature; it is usually 
placed quite on the fnmt of the head, 
and varies extremely in form; it is 
nearly always a single or unpaired 
piece; the French morphologist Chat in 
considers that it is really a paired 
structure. 

The gula (Fig. 40, P> rf, and Fig. 47, 
z) is a piece existing in the middle 
longitudinally of the under-surface of the head; in front it 
liears the mentum or the submentum, and extends backwards 
to the great occipital foramen, but in some Insects the gula 
is in front very distant from the e<lge of the buccal cavity. 
The epicranium forms the largt?r part of the head, and is con- 
se([uently nujst inconstant in size and shaj>e ; it usually cK'cupies 
the larger i)art of the ujqxT - surface, and is ivtlecled to the 
under-surface to meet tlu‘ gula. Sometimes a transverstii line 
exists (Fig. 49, A) dividing the epicranium into two parts, the 
posterior of which has Ikhui called the protwranium; w’hich, 
however, is not a good term. The epicranium Ix'ars the antennae ; 
these organs do not come out lietween the epicranium and the 
clypeus, the foniinen for their insertion iRung seated entiivly in 
the epicranium (see Fig. 50). In some Insec'ts thei*e iu:e traces of 
the epicranium Ixeing divided longitudinally along the middle 
line. When this part is much modified the antennae may 
appear to be inserted on the lateral portions of the head, or even 


Flo. 50.—Front view of head of 
field-cricket {(rryllus): a, 
epicranium; ft, comi>ound 
eve ; c, antenna; rf, i)ost-: 
c, ante-clypeus ; /, labrum ; 
( 7 , base of mandible ; max¬ 
illary palpus ; t, labial pal¬ 
pus ; k, apex of maxilla. 
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ou its under-side; this arises from extension of some part of the 
epicranium, as shown in Fig. 49, B, where h, the cavity of 
insertion of the antenna, appeiirs to he situate on the under- 
siu*face of the epicranium, the appearance being due to an 
infolding of an angle of the part. 

There is always a gap in the back of the head for the passage 
of the alimentary canal and other organs into the thorax; tliis 
opening is called the occipital foramen. Various terms, such as 
frons, vertex, occiput, temples, and cheeks, luive been used for 
designating areas of the head. The only one of these which is of 
importance is the gena, and even this can only 1)e defined as the 
anterior part of the lateral portion of the h‘ea(l-ca])sule. An 
extended study of the comparative anatomy of the liead-capsule 
is still a desideratum in entomology. The appendages of tla^ head 
that are engaged in the operations of fetnling are fnM[iiently 
spoken of collectively as tlie trophi, a term which includes the 
labrum as well as the true buccal appendages. 

The appendages forming the parts of the mouth are paired, 
and consist of the mandibles, the maxillae, and the labium, the 
pair in this latter ])art lieing combined to form a single body. 
The buccal appendages are frcfiuently spoken of as gnathites. 
Tlie gnathites are some, if not all, of them composed of apparently 
numerous parts, some of these l)eing distinct sclerites, others 
membranous structures which may be either bare or ])u] descent— 
that is, covered with deliccxte short hair. In Insects tlie mouth 
functions in two quite different ways, liy liiting or liy sucking. 
The Insects that bite are called Mandibulata, and thosii that suck 
Haustellata. In the mandibulate Insects the composition of the 
gnathites is readily comprehensible, so that in nearly the whole 
of the vast iiumlxu’ of 8i)ecies of that ty]ie the corrcvsponding 
parts can be recognised with scjimething like certainty. This, 
however, is not the case with the sucking Insects ; in them the 
parts of the mouth are very different indeed, so that in some 
cases morphologists are not agreed as to what parts really 
correspond with some of the structures of the Mandibulata. At 
, present it will Ije sufficient for us to consider only the mandibulate 
mouth, leaving the various forms of sucking mouth to lie 
discussed when we treat of the Orders of Haustellata in detail. 

The ujiper or anterior pair of gnathites is the mandibles, 
(Fig. 50, g). There is no part of the Ixidy that varies more than 
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does the mandible, even in the inaiidibulate Insects. It (ian 
scarcely be detected in some, while in others, as in the male stag- 
beetle, it may attain the lengtli of the whole of the rest of tlie 
body; its form, too, varies as much as its size ; most usually, 
however, tlie pair of mandibles are scjinewhat of the form of 
callipers, and are usi^d for luting, cutting, holding, or crushing 
purposes. The mandibles are frequently armed with processes 
8})(jken of as teeth, but wliich must not l)e in any way confounded 
witli the teetli of Vertebrates. The only Insects that possess an 
articulated tooth are the Passalidae, beetles armed with a rather 
large mandible bewaring a single mobile tfX)th among others that 
are not so. AVood ilason and Chatin consider the mandibles to 


Fio. 51. — MandiMes, 
maxillae, and labium 
of Loc^isUi viridis- 
sima: A, mandibles ; 
B, maxillae (lateral 
parts) and labium 
(middle parts) unite<i: 
a, cardo ; ft, Rti])es ; 
{*, paljuger ; </, max. 
palp. ; e, larinia ; j\ 
galea; //,submentum; 
ft, meutum ; i, ]v;tl- 
piger ; lal*ial pal¬ 
pus ; ligula ; ni, 
paraglossa (galea); n, 
lacinia ; t;, lingua. 


be, mor])hologicnlly, jointed apj^endages, and the laltc‘r authority 
states that in the mandible of EmJtia he has In'en able to distin¬ 
guish the same elements as e.xist in tlie maxillae. In aculeate 
Hymenopterfi the mandibles are used to a considerable extent 
for industrial purposes. 

The maxilla is a eom]dex organ consisting of numerous jaeces, 
viz. frnrdo, stijM^^s, paljiiger, galea, laeinia, palpus. The galea and 
lacinia are fre<juently chilled the 1o1h\s of the maxilla. The 
maxilla no doid)t acts as a sense organ as well as a mechanical 
ajqmratus for holding; this latter function Ixung subordinate to 
the other. In Fig. 68, p. 122, we have represented a complex 
maxillary sense-organ. 

The labium or lower lip has as its basal portion the un- 
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divided meniiiin, and closes the mouth l)eueath or behind, 
according as the position of the liead varies. In most Insects 
the labium appears very different from the maxilla, but in many 
cases several of the parts corresponding to those of the maxilla 
can be clearly traced in the labium. 

The mentuni is an undivided, frequently very hard, piece, 
continuous with either the submentum or the gula, and anterior 

to this are placed the other parts, viz. 
the labial palpi and their supports, the 
palpigers; beyond and between these 
exists a central piece (Fig. 52, B, e), 
about whose name some difference of 
opinion prevails, but whicli may l)e called 
the ligula (languette of French authors), 
and on each side of this is a paraglossa. 
In the Orthoptera the single median 
piece — the ligula of Coleopterists — is 
represented by two divided parts. In 
some Insects (many Coleoptera) there is 
interposed l)etween the mentum and the 
palpigers a piece called the hypoglottis 
(Fig. 52, B, 5). It is not so well ascer¬ 
tained as it should l>e, that the jueces of 
the lower lip Ixjaring the siinie names in 
different Orders are in all cases really 
liomologous, and comparison suggests that 

Pio. 52.—Maxilla and lower the hypoglottis of (Joleoptcra may pos- 
lip of Coleoptera. A, Max- ... . j i t 

illaofP<M«a/i^^;a, cardo; sd)ly represtuit the i>iece C'orresponding 

6 , .stipes; c, paipigcr ; d, iq the iiieiitum of ()rtlioi)terist«, the so- 
palpus; inner or infe- r i i * * i. 

rior lobe or laciiiia ; /, Ciuled mentuiii ot iR^etles Unng U1 that 

outer or superior lobe or the subineiitum of Orth<n)terists. 

galea: B, Labmm of liar- mi ♦ ^ • i 

pniuscaiiginosus: a, mtn- There IS anotlier jiart of the mouth 

'the 

labial palp) ; d, jiaip ; e, tioii, as it has recently attracted more 
ligula;/, iiaragiossa. attention than it formerly did; it is a 

membranous lol)e in the interior of tlie mouth, very conspicuous 
"in Orthoptera, and called the tongue, lingua, or hypopluirynx; 
it reposes, in the interior of the mouth (Fig. 51, o), on the 
middle parts of the front of the labium; it is proluibly not 
entirely lost in Coleoptera, but enters into the composition of the 
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complex middle part of tlie lip by amalgamation with the j)ara- 
gloswae. It has recently l)een proposed to treat this lingua as the 
morphological equivalent of the labium or of the maxillae, giving 
it the naiiie of the endolabium, but the propriety of this coinse 
remains to l)e proved; ^ tlie view is apparently suggested chiefly 
by the structure of the mouth of Hernirnerus, a very rare and 
most jieculiar Insect that has not as yet }jeen suflieiently studied. 

As the maxillae and labium are largely used by taxonomists 
in the systematic arrangement of the mandibulate Insects, we 
give a figure of them as seen in Coleoptera, where the parts, 
though closely amalgamated, can nevertheless be distinguished. 
This Fig. 52 should Ikj compired with Fig. 51. 

In si)eaking of the segments of the lK>dy we jKunted out 
that tliey were not separate parts but constituted an uiiinter- 
'ru])ted wliolc, and it is well to remark here that this is also 
true of tlu», gnatbit«‘s. Although the mouth pjirts are spoken of 
as st‘i)arate pi(»c(is, they really form only projections from the 
great body wall. Fig. 51, 11, shows the intimate connexion 
that exists Indween the maxillae and labium; the continuity 
of the mandibles with the membrane of the buccal cavity is 
capable of very easy demonstration. 

The head ]K»ars, lK\sides the ]>ieces Nve have considered, a pair 
of antenmie. Tliese organs, though varying excessively in form, 
are always ])resent in the adult Insect, and exist even in the 
majority c»f young Insists. They are very mobile, highly sensitive 
organs, situate on or near the front part of the head. The 
antennae arise in the embryo from the procephalic lol)es, the 
morphological inq>ort of which ]Kirts is one of the most dithcult 
points connected with Insect embryology. 

The eyes of InsiH ts are of two sorts, simple and compound. 
The simple eyes, or CK*elli, vary in numlHjr from one to as many 
as eighteen or twenty; when thus numerous they are situated in 
groups on each side of the head. In their most ixn fect foi ni, as 
found in adult aculeate Hymenoptera, in Orthoptera and Diptera, 
ocelli are usually two or thive in numlier, and pre^^ent the 
appearance of small, i)erfectly transpirent lenses inserted in the 
integument. In their simplest form they are said to consist of 
some masses of pigment in connexion with a nerve. 

The compound, or facetted, eyes are the most remarkable of all 
' See on this subject, p. 217. 
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the structures of the Insect, and in the higher and more active 
forms, such as the Dragon-llies and hover¬ 
ing Diptera, attain a complexity and deli¬ 
cacy of organisation that elicit the highest 
admiration from every one who studies 
them. They are totally different in 
structure and very distinct in function 
from the eyes of Vertebrata, and are 
seated on very large sj^H'cial lol>es of the 
brain (see Fig. 65), which indeed are 
so large and so complex in structure 
that Insects may l)e descrilxnl as possess¬ 
ing special (Xiular Imiins ])rought into 
relation with the lights, shades, and 
movements of tlie external worhl by a 
remarkaldy comj)lex f>pticiil apparatus. 
This instrumental part of the eye is 
Pig. 53.~-Twoommatidia from ealled the dioptric part ill contradistinc- 

cw,x^l6a ^Aftei^Exiier ) Iiercipient jx)rtion, and con- 

fl. Cornea; b, crystalline gists of ail outer conieul lens (rr. Fig. 5.‘1), 
cone : c, rbabdom ; rf, , i 

fenesti-ate membrane with whose exposed surface forms OllC of tflC 
neire stractures below it ; facets of the eye ; Under the lens is ])la(‘ed 

pigmen?!^*”^ * the Crystalline cone (//), this latter Ixdng 

borne on a roil-like ol>ject (e), called the 
rhabdom. There are two layers of pigment, the outer (r), 
called the iris-pigment, the inner (/), the retinal-pigment; 
underneath, or rather we should say more central than, tlie 
rhabdoms is the fenestrate membrane (jl), ]x»yond which there 
is an extremely complex mass of nerve - fibres; nerves also 
penetrate the fenestrate membrane, and their distal extremi¬ 
ties are connected with the delicate sheaths by one of which 
each rhabdom is surrounded, the combination of sheatli and 
nerves forming a retinula. Each set of the jiarts above the fene¬ 
strate membrane constitutes an ommatidium, and there may be 
many of these ommatidia in an eye; indeed, it is said that the 
eye of a small beetle, Mordella, contains as many as 25,000 
ommatidia. As a rule the larvae of Insecits with a comjdete 
metamorphosis bear only simple eyes. In the young of Dragon¬ 
flies, as weU as of some other Insects having a less jierfect meta¬ 
morphosis, the compound eyes exist in the early stages, but they 
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have then an obscure ap|)earance, and are probably functionally 
imperfect. 

In the interior of the head there exists a horny framework 
called the tentorium, whose chief oflice apparently is to protect 
the brain. It is different in kind according to the species. The 
head shows a remarkable and uni(jue relation to the following 
si^gments. It is the rule in Insect structure that the back of a 
segment overlaps the front part of the one following it; in other 
words, each segment receives within it the front of the one 
bellind it. Though tliis is one of the most constant features of 

Insect anatomy, it is departed from in the case of the head, 
which may Ije eitlier recidved into, or overlapjx?d by, the 
segment following it, but never itself overlaps the latter. There 
is i)erhaps Init a single Insect {Hypocrphalus, an anomalous lieetle) 
in which the relation l>etween the head and 
thorax can 1 k‘ considered to l)e at all similar 
to that which exists ln^tween each of the 
other segments of the body and that follow¬ 
ing it; and even in Hypocephalus it is only 
the posterior angles of the head that over¬ 
lap the thorax. Although the head usually 
apiiears to l>e very chisely connected with 
the thorax, and is very frecpiently in re- 
l>ose received to a considerable extent within 
the latter, it nevertheless enjoys great 
freedom of motion ; tliis is obtained by 

means of a large membrane, capable of much corrugation, and 
in which there are seated S(»me sclerites, so arranged as to fold 
together and (K*cu])y little space when the head is retracted, but 
which help to prop and suiiport it when extended for feeding or 
other purposes. These pieces are called the cervical sclerites or 
plates. Th(*y are very largely developed in Hyinenoptera, in 
many Coleoptera, and in BlattuUe, and have not yet received from 
anatomists a sufficient amount of attention. Huxh^y suggested 
tlnit they may l>e jiortions of head segments. 



Fig, 54. — Extended head 
aiul front of thorax of 
a Ix’etle, Kucfiroma: o, 
back of head ; 5, front 
of pronotum ; r, chitin- 
ous retractile K'iml; c/, 
cervical sclerites. 


Thorax. 

The thorax, being composed of tlie three consecutive rings 
behind the hejid, falls naturally into three divisions—pro-, meso-. 
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and metathorax. These three segments differ greatly in their 
relative proportions in different Insects, and in different stages 
of the same Insect’s life. In their more highly developed con¬ 
ditions each of tlie three divisions is of complex structure, and 
the sclerites of which it is externally made up are sufficiently 
constant in their numbers and relative positions to i>ermit of 
their identification in a vast numl)er of cases; hence the scderites 
have received names, and their nomenclature is of practiail 
importance, beaiuse some, if not all, of these parts are made use 
of in the classification of Insects. Each division of the thorax 
has an upper region, called synonymically dorsum, iiotum, or 
tergum; an inferior or ventral region, called sternum; and on 
each side a lateral region, the pleuron. These regions of each of 
the three thoracic di\dsions are further distinguished l)y joining 
to their name an indication of the segment spoken of, in the 
form of the prefixes pro-, ineso-, and meta-; thus the pronotum, 
prosternum, and propleura make up the prothorax. The thoracic 
regions are each made up of scderites whose nomenclature is due 
to Audouin.' He considered that every tlioracic ring is com¬ 
posed of the pieces shown in Fig. 55, viz. (1) the sternum (B', 
a), an unpaired ventral piece; (2) the notiun (A), composed of 
four pieces placed in consecxitive longitudinal order (A'), and 
named praescutum («), scutum (i), scutellum (r), and post-scutel- 
lum (d); (3) lateral pieces, of which he distinguished on each 
side an episternum (B', c), epimeron (r), and i)arapteron (d), tluise 
together forming the pleuron. We give Audouin s Figure, but we 
cannot enter on a full discaissiou of liis views iis to the thorax; 
they have become widely known, though the constancy of the 
parts is not so gre^it as he supiK)sed it would prove to Im. Some¬ 
times it is impossible to find all the elements he thought should be 
present in a thoracic ring, wliile in other Ciises too many sc^lerites 
exist. As a rule the notum of the meso- and metathoraces is 
in greiiter part composed of two pieces, the scutum and the 
scutellum; while in the pronotum only one dorstil ifiece can ’be 
satisfactorily distinguished, though a study of the development 
may show that really two are frequently, if not usually, present. 
On the other hand, one, or more, of the notal sclerites in some 
cases shows evidence of longitudinal division along the middle. 
The stenium or ventral piece, though vaiydng greatly in form, is 
^ Ann» Sci, Nat, I. 1824, p. 97» etc. 
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the most constant element of a thoracic segment, but it has 
sometimes the appearance of consisting of two parts, an anterior 
and a posteric^r. The pleuron nearly always consists quite 
evidently of two parts, tlie episterniiiii, the more anterior and 
inferior, and tlie epimeron.^ The relations l)etween these two 
])arta vary much ; in some cases the episternum is conspicuously 
the more anterior, while in others the epimeron is placed much 
above it, and may extend nearly as far forwards as it. It may 
l)e said, as a rule, tlmt wlien the sternum extends farther back¬ 
wards than the notum, the epimeron is above the ej)isternum. 



FUJ. 55.—Mesothorax of DytUcns^ after Audouin. A, notum ; A', pieces of the notuin 
separatcil : praescutuiii ; ft, scutum ; r, scutellum ; }^H>st > scutellum : B, the 

sternum and pleura united ; B', their parts separated: a, sternum; c, episternum ; 
parapteron; e, epimeron, 

as in many Coleoptera ; but if the sternum be anterior to the 
notum, then the episternum is superior to the epimeron, as in 
dragon-flies. We would here again reiterate the fact that these 
“ pieces are really not separate parts, but are more or less in¬ 
durated portions of a continuous integument, which is frequently 
entirely occui>ied by them; hence a portion of a sclerite that in 
one species is hard, may in an allied form 1 k 5 wholly or partly 
membranous, and in such case its delimitation may be very 
evident on some of its sides, and quite obscure on another. 

^ See also Fig. 47 (p. 88) 



102 


THORAX 


CHAP. 


The parapteron of Audouin does not appear to 1)6 really a 
distinct portion of the pleuron; in the case of Dytiscus it is 
apparently merely a thickening of an edge. Audouin supposed 
this pxrt to be sjH^cially connected with the wing-articulation, 
and the term has l)een subsequently used by other writers in 
connexion with several little pieces that exist in the pleural 
region of winged Insects. 

The prothorax is even more subject to variation in its 
development than the other divisions of the thorax are. In the 
Hymenoptera the prosternum is disconnected from the pronotum 
and is capable, together with the first pair of legs, of movement 
inde|>endent of its corresj)onding dorsal part, the pronotum, 
which in this Order is always more or loss completely united 
with the meso-thorax; in the l)iptera tlie rule is that the three 
thoracic segments are clostdy consolidated into oiui mass. In 
the majority of Insects the protiiorax is comparatively free^ that 
is to say, it is not so closely united witli the other two tlujracic 
segments as they are with one another. The three thorai-ic 
rings are seen in a comparatively uniform state of development 
in a great numl)er of larvae; also in the adult stagt‘s of some 
Aptera, and among winged insects in some Xeuroptera such as the 
Embiidae, Termitidae, and Perlidae. In ]A‘pidoptera the ja-o- 
notura Ijears a piiir of erectile processes calleil patagia; though 
frequently of moderately large size, they escaj)e observation, being 
covered with scales and usually closely adpressed to the sides of 
the pronotum. 

The two great divisions of the body—the me.sothorax and 
the metathorax—are usually very intimately combined in winged 
Insects, and even when the prothorax is free, as in Coleoptera, 
these posterior two thoracic rings are very greatly amalgamated. 
In the higher forms of the Order just mentioned the meso- 
sternum and mesopleuron become changed in direction, and form 
as it were a diaphragm closing the front of the metasternum. 
The meso- and meta-thorax frecpieiitly eacli lK?ar a pair of wings. 

We have described briefly and figured (Fig. 55) the sclerites 
of the mesothorax, and those of the metathorax corresj)ond fairly 
’ well with them. In addition to the sclerites usually descrilx^d 
as constituting these two thoracic divisions, there are some small 
pieces at the bases of the wings. Jurine discriminated and 
named no less than seven of these at tlie base of the anterior 
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Fro. 66 . — Head and 
thorax of fossorial 
wasp from Bogota: U 
tegula; base of wing. 


wing of a Hymenopteron. One of them becomes of considerable 
size and importance in the Order just mentioned, and seems 
to be articulated so. as to exert pressure on the base of the 
costa of the wing. This structure attains 
its maximum of development in a genus 
(? nonde8C‘Tipt) of Scoliuhie, as shown in Fig. 

56. The best name for this selerite seems 
to be that 2 )ropo 8 ed by Kirby and Spence, 
tegula. Some writers Ciill it paraptere, hypo- 
ptisre, or squamule, and others have termed 
it patagium; this latter name is, however, 
inadmissible, as it is applied to a process of 
the prothorax we have alre.ady alluded to. 

To complete our account of the structure 
of the thorax it is necessary to mention cer¬ 
tain hard parts projecting into its interior, 
but of which there is usually little or no trace externally. A 
large process in many Insects ju'ojects upwards from the sternum 
in a forked manner. It was called by Audouin the entothorax; 
some modern authors prefer the term apophysis. Longitudinal 
j^artitions of very large size, descending from the dorsum into 

these are called phragmas, and are of 
greiit importance in some Insects with 
j)erfect flight, such as Hjnnenoptera, 
licpidoptera, and Diptera. There is no 
phragma in connection with the prono- 
tum, but 1)ehind this jmrt there may 
be three. A phragma has the appear¬ 
ance of being a fold of the dorsum; it 
attachment for muscles, 
be of service in 


the interior, also 


exist: 



Fio. 67.—Transverse section of S^'^ves as an 

skeleton of metathorax of and may probably 

projw- 


inetasteruum ; e, phragma ; tioiis into the interior are the little 

furca)apodeme ;/, ten- pieces Called apoclcmes (ilg. 57, «); 

Kolbe^ these are placed at the sides of the 

thorax near the wings. The apophyses 
are no doubt useful in preserving the delicate vital organs from 
shocks, or from derangement by the muscular movements and 
the changes of position of the lx)dy. 

The appendages of the thorax are (a) inferior, the legs; (6) 
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superior, the wings. The legs are always six in number, and are 
usually present even in larvae, thougli there exist many apodal 
lai’vae, especially in Diptera. The three pairs of legs form one 
of the most constant of the characters of 
Insects. They are jointed apjxuidages and 
consist of foot, otherwise tarsus; tibia, femur, 
trochanter, and coxa; another piece, called 
trochantin more or less distinctly separated 
from the coxa, exists in many Insects. The 
legs are prolongations (^)f the body Siic, and 
are in closer relation with tlie epimera and 
with the episterna than with other parts 
of the crust, though they have a close 
relation with the sternum. If we look at 
the body and leg of a ne\iropterons Insect 
(Fig. 58) we see that the basal i)art of tlie 
leg—the coxa—is apparently a continua¬ 
tion of one of the two pleural ))ieces or of 
l)oth; in the latter case one of the prolonged 
pieces forms the coxa pro]>i^r, and the tip 
of the other forms a 8U))j)orting piece, 
wliich may possibly be the homologue of 
the trochantin of some Insects. In some 
Orthoptera, esj)ecially in lUattidae, and in 
Termitidae, there is a transverse chitinised 
fold interposed l)etween the sternum and 
the coxa, and this has the appearance of 
l:)eing the sjiine piece as the trochantin of the anterior legs of 
Coleoptera. 

Iteyond the coxa comes the trochanter; this in many 
Hymenoptera is a double piece, though in other lnsf*cts it is 
single; usually it is the most insignificant part of the leg. The 
femur is, on the whole, the least variable part of tlie leg; the 
tibia, which follows it, liciiig frequently higlily modified for 
industrial or other piuqwses. The joint Ix^tween the femur and 
the tibia is usually bent, and is therefore the most conspicuous 
one in the leg; it is called the knee. The other joints have not 
corresponding names, though that l^etween the tibia and the 
tarsus is of great importance. The spines at the tip of the tilna, 
projecting beyond it, are Ciilled spurs, or calcares. The tarsus or 



Fig. 58.—Hind leg of Pan- 
orpa: «, episteriiuin ; a\ 
epimeron ; 6, coxa ; 
coxal fold of epiineron ; 
c, trochanter; if. femur ; 
tibia ; /, tar8us. 



Ill 


FEET 


105 


foot is extremely variable; it is very rarely absent, but may 
consist of only one piece—^joint, as it is frequently called ^— 
or of any larger numlier up to five, which may Ixi considered 
the characteristic numlxir in the higher Insect forms. The 
terminal joint of the tarsus tears normally a pair of claws; 
iKJtween tlie claws there is frequently a lote or process, 
according to circumstances very varied in different Insects, 
called empodium, aroliiim, palmiila, plantula, pseudonychium, 
or pulvillus. Tins latter name should only te used in those 
cases in which the side of the foot is covered with a dense 
pubescence. The form of tlie individual tarsal joints and the 
armature or vestiture of tlie lower surface are highly variable. 
The most remarkable tarsus is that found on the front foot of the 
male Jh/tinf'vs. 

It has been sugg(*sted that the claws and the terminal append¬ 
age* of the tarsus ought to te counted as forming a distinct joint; 
hence some authors state that the higher Insects have six joints 
to the feet. Thesis ])arts, however, are never counted as 
s<*pa,rate joints by systematic entomologists, and it luis recently 
lH*en statinl that they are not such originally. 

The ])arts of tht^ foot at the extremity of the last tarsal joint 
[iroper are of great iiii])ortam*e to the creature, and vary greatly 
in dilfereiit Tnst*cts. The most constant part of this apparatus 
is a ])air of claws, or a. single claw. Between the two claws 
there may exist the additional apparatus referred to above. This 
in some Insects—notably in the Diptera—reaches a very complex 
develojiment. AVe figure these structures in PelojHteys i^pinofae, 
a fossorial Hymenoiiteron, remarking that our figures exhibit the 
apparatus in a state of retraction (Fig. 59). According to the 
nomenclature of Dahl and Ockler^ the plate (/>) on the doi'sal 
as}K*ct is the ]>ressure jdate (Dnivk-Platfe), and acts as an agent 
of pressure on the sole of the pad (C, e); c and d on the 
underside are considered to te extension-agents; r, extension- 
jdate ; d, extension-sole (Sfrcck-Platte, Streck-ilvhle). The.se 
agents are assisted in acting on the pad by means of an elastic 
1k)w placed in the interior of the latter. The pad (r) is a very 
remarkable structure, capable of much extension and retraction; 

* In eiitoniologioal language the piece between each two joints of an appendage 
is itself called a joint, though segment is doubtless a l)etter term. 

* Arch.f^ Naturgcschichtc, Ivi. 1890, p. 221. 
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when extended it is seen that the pressure plate is bent twice at 
a right angle so as to form a step, the distal part of which runs 
along the upper face of the basal part of the pad; the apical 
portion of this latter consists of two large lolx's, which in repose, as 
shown in our Figiu'e (/), fall back on the pad, something in the 
fashion of the retracted claws of the cat, and conceal the pres¬ 
sure-plate. 

The mode in which Insects are able to walk on smooth 
perpendicular surfaces hiis l)een much discussed, and it tippears 
highly probable that the method by which this is accomplished 
is the exudation of moisture from the foot; there is still, how¬ 
ever, much to be ascertained l)efore the process can be satisfactorily 




Fn». r>9. -- Foot of PriojHU’ujff a 
fosKorial wa»p; A,tarHUK entire; 

B, terminal joint, upper .side ; 

C, under sitle. a, claw ; A, 
hiuse of j)res8ure*plate : r, ex¬ 
tension - i>late ; rf, extension- 
sole ; e, pad ; /, lobe of pad 
retracted. 


comprehended. The theory to the effect that the method is the 
pressure of the atmosphere acting on the foot when the sole is 
in jxjrfect apposition with the object walked on, or when a 
sliglit vacuum is created between the two, has apparently less to 
support it. 

The legs of the young Insect are usually more simjile than 
those of the adult, and in caterpillars they are short appendages, 
and only imperfectly jointed. If a young larva, with feet, of 
a beetle, such as Crioceris asparagi be examined, it may he seen 
that the leg is formed by protuberance of the integument, 
which becomes divided into parts by simple creases; an observa¬ 
tion suggesting that the more highly developed jointed leg is 
formed in a similar manner. This appears to be really the cose, 
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for the actual continiiity of the limb at the chief joint—the 
knee—can l>e demonstrated in many Insects by splitting the 
outer integument longitudinally and then pulling the pieces a 
little apart; while in other cases even this is not necessary, 
the knee along its inner face being membranous to a consider¬ 
able extent, and the membrane continuous from femur to tibia. 

Turning to the wings, we remark that there may Ije one or 
two pairs of these apjHiiidages. When there is but one pair it is 
nearly always mesothoracic, when there are two pairs one is invari¬ 
ably mesothoracic, the other metathoracic. The situation of the 
wing is always at the edge of the notum, but the attachment 
varies in other res})ects. It may l)e limited to a small six)t, and 
this is usually the cas(; with the anterior wing ; or the attachment 
may extend for a considerable distance along the edge of the 
notum, a condition wliich fre<[uently occurs, especially in the case 
of the posterior wings. The actual connexion of the wings 
with tlie thorax takes ]>lace by means of strong horny lines 
in them which come into very close relation with the little 
j)ieces in the tliorax which we have already descril)ed, and which 
were styled by Audouin articulatory epidemes. There is 
extreme variety in the size, form, texture, and clothing of the 
wings, but there is so much resend dance in general characters 
amongst the memlH^rs of each one of the Orders, that it is usually 
jM^ssible for an ex])ert, seeing only a wing, to say with certainty 
what Order of Insects its posstissor iKdonged to. We shall allude 
to these characters in treating of the Orders of Insects. 

Each wing consists of two layers, an upiHjr and a lower, and 
l^itween them there may l)e tracheae and other structures, 
especially obvious when the wings are newly develoj)ecL It has 
Ixnui shown by Hagen that the two layers can l>e separated 
when the wings are recently formed, and it is then setm that 
each layer is traversed by lines of harder matter, the nervures. 
Tliese ribs are freipiently called wing-veins, or nerves, but as 
they have no relation to the anatomictil structures l>earing those 
names, it is tetter to make use of the term nervures. The 
strength, nuniter, form and inter-relations of these nervures 
vary exceedingly; they are thus most imi)ortant aids in the 
classification of Insects. Hence various efforts have l)een made 
to establish a system of nomenclature that shall he uniform 
throughout the different Orders, but at present success has not 



I08 WINGS CHAP. 

attended these efforts, and it is probable that no real homology 
exists between the nerviires of the different Orders of Insects. 
We shall not therefore discuss the question here. We may, 
however, mention that German siivants liave recently distin¬ 
guished two forms of nervures which tliey consider essentially 
distinct, viz. convex and conaive. These, to some extent, alter¬ 
nate with one another, but a fork given off by a convex one is 
not considered to be a concave one. The terms convex and con¬ 
cave are not happily chosen; they do not refer to the shajxi of 
the nervures, but appear to have been suggested by the fact that 
the surface of the wing Ixnng somewliat undulating the convex 
veins more usually run along the ridges, the concave veins along 
the depressions. The convex are the more important of the two, 
being the stronger, and more closely connected with the articula¬ 
tion of tlie wing. 

The wings, broadly s];)eaking, may l)e siiid to be three- 
margined : the margin tliat is anterior when the wings are 
extended is called the costa, and the edge that is then most 
distant from the Iwuly is tlie outer margin, wliile tlie limit that 
lies along the body when the wings are closed is the inner 
margin. 

The only great Order of Insects provided with a single pair 
of wings is the Diptera, and in these the metathorax possesses, 
instead of wings, a pair of little capitate bodies called halteres or 
poisers. In the abnormal Strepsiptera, where a large pair of 
wings is placed on the metathorax, there are on the mesothorax 
some small ai)pendages that are considered to represent the 
anterior wings. In the great Order Coleoptera, or l»eetles, tlie 
anterior wings fire replaced by a pair of horny slnuiths that close 
together over the back of the Insect, concealing the hind-wings, 
so that the l^eetle hKiks like a wingless Insect: in other four¬ 
winged Insects it is usually the front wings that jire most 
useful in flight, but the elytra, as these parts are called in 
Coleoptera, take no active part in flight, and it has lieen 
recently suggested l)y Hoffbauer^ that they are not the horno- 
logues of the front wings, but of the tegulae (see Fig. 5G), of other 
Insects. In the Orthoptera the front wings also differ in con¬ 
sistence from the other pair over which they lie in repose, and 
are called tegmina. There are many Insects in which the wings 
* Zeitschr, luias. Zool, liv. 1892, p. 679. 
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exist ill a more or less rudimentary or vestigial condition, thougli 
tliey are never used for purposes of flight. 

The a))domen, or hind body, is the least modified part of the 
body, though some of the numerous rings of which it is composed 
may be extremely altered from the usual simple form. Such 
change takes place at its two extremities, but usually to a mucli 
greater extent at tlie distal extremity than at the liase. This 
latter ])art is attach(*d to the thorax, and it is a curious fact 
that in many lnsi?cts the base of the al)domen is so closely 
connected with the tliorax tliat it has all the ap]^»eiirance of 
iKiing a portion of this latter division of the body ; indeed 
it is 8onietini(*s diflicult to trace the real division Vjetween the 


two parts. In such casi^s a furtlier differentiation may occur, 
and the part of tlie abdomen that on its anterior aspect 
is intimately atta(*hed to the thorax may on its posterior 
aspect l)e very slightly (‘onnected with the rest of the abdomen. 
Under such circumstances it is diflicult at fii’st sight to iwognist* 
the real state of tlu? case. AVhen a segment is thus transferred 
from the abd(»nien to the 
metathorax, the part is , 

called a median segment. 

The most reniarkalde ^ 

median segment exists in ^v 

those Hymenoj)tera which 

have a stalked abdomen, -- —' 

but a similar though less _ y 

]>erfeet condition exists in B 

many Insects. When such ^o.-Simple aiMiomen of rotu^UHl 

with the Iiighly imKlineil one ol ;in ant, ( rypto- 
a union oc’curs, it is usually cerm (B). The segments are iiiimWred from 

most complete on the ilorsiil backwards. 

surface, and the first ventral jdate may almost totally disjtppear: 
such an alUuution may involve a certain amount of clamge in 
the sclerites of the next segment, so that the morphological dettu - 
mination of the parts at the kick of the thorax and front of the 
abdomen is by no means a simple matter. A highly modifieil 
hind-body exists in the higher ants, Myi'inieidae. In Fig. 60 
we contrast the simple alHlomeii of Japyx with the highly modi¬ 
fied stiite of the siime part in an ant. 

Unlike the head and thorax, the abdomen is so loosely knitted 
together tliat it can undergo much expansion and contraction. 


Fio. fiO.—Simple alMlomeii of Japy.r roiitra.steil 
with the liighly iiuKlifieil one ol ;in ant, Otfpio- 
centJi (B). Tlie segments are iiiimV»ered from 
Wfore hack wanl s. 
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This is facilitated by an imbrictited arrangement of the plates, and 
by their being connected by means of membranes admitting of 
much movement (Fig. 47, p. 88). In order to understand the 
structure of the abdomen it should be studied in its most dis¬ 
tended state; it is then seen that there is a dorsal and a ventral 
hard plate to each ring, and there is also usually a stigma; there 
may be foldings or plications near the line of junction of the 
dorsal and ventral plates, but these margins are not really distinct 
pieces. The pleura, in fact, remain membranous in the abdominal 
region, contrasting strongly with the condition of these parts in 
the thorax. The proportions of the plates vary greatly; some¬ 
times the ventral are very large in proportion to the dorsal, as is 
usually the case in Coleoptera, while in the Orthoptera the reverse 
condition prevails. 

Cerci or other apj)endage8 frequently exist at the extremity 
of the abdomen (Fig. 47, n, P* 88); the former are sometimes 
like antennae, while in other cases they may l>e short com¬ 
pressed processes consisting of very few joints. The females of 
many Insects possess saws or piercing instruments concealed 
within the apical part of the al)domen; in other cases an 
elongate exserted organ, called ovipositor, used for phicing the 
eggs in suitable positions, is present. Such organs consist, it is 
thought, either of modified apj)endages, called gonapophyses, or 
of dorsal, ventral, or pleural plates. The males frecjiiently lK*ar 
within the extremity of the body a more or less complic4ited 
apparatus chilled the genital armour. The term gonapophysis is 
at present a vague one, including stings, some ovipositors, por¬ 
tions of male copulatory apparatus, or other structures, of which 
the origin is more or less obscure. 

The caterpillar, or larva, of the Lepidoptera and some other 
Insects, l)ears a greater number of legs than the three pairs we 
have mentioned as being the normal number in Insects, but the 
posterior feet are in this case very different from the anterior, 
and are called false legs or prolegs. These prolegs, which are 
placed on the hind body, Ijear a series of hooks in Lepidopterous 
larvae, but the analogous structures of Sawfly larvae are destitute 
of such hooks. 

Placed along the sides of the body, usually quite visible in 
the larva, but more or less conce^iled in the j)erfect Insect, are 
little apertures for the admittance of air to the res];)iratory 
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system. They are called spiracles or stigmata. There is 
extreme Vtariety in their structure and size; the largest and most 
remarkable are found on the prothorax of Coleoptera, especially in 
the groups Copridae and Ceram) )ycidae. 

The exact position of the stigmata varies greatly, as does also 
their number. In the Order Aptera there may be none, while 
the maximum number of eleven pairs is said by Grassi ^ to be 
attained in Jafyx solifvgvs : in no other Insect have more than 
ten pairs been recorded, and this num))er is comparatively rare. 
Both position and numl)er frecpiently differ in the early and 
later stages of the siime Insect. The structure of the stigmata 
is (piite as inconstant as the other j)oints we have mentioned are. 

The admission of air to the tracheal system and its confine¬ 
ment there, as w(dl as the exclusion of foreign Inxlies, have to l)e 
j)rovided for. Tlie control of the air within the system is, 
jiccording to I^aiulois - and Krancher,® usually accomplished l)y 
means of an oa luding apimratus placed on the tracheal trunk a 
little inside of the stigma, and in such case 
serves chieHy as a means for preventing the 
intrusion of foreign l>odies. The occluding 
apparatus ccaisists of muscular and mechanical 
])arts, which differ much in their details in 
dilfenmt Insects. l^)wne su})poseH that the 
air is maintained in the tracheal system in a 
compressed comlition, and if this \\e so, this 
apparatus must \m of great importance in the 
Insect economy. Miall and Denny ^ state 
that in the anterior stigmata of the cock¬ 
roach the valves act as the occluding agents, 
muscles l)eing attached directly to the inner 
face of the valves, and in some other Insects 
the spiracular valves aj)])ear to act partially 
))y muscular agency, lait theie are many 
stigmata having valves destitute t)f muscles. 

According to Ix)wue * there exist valves in the blowfly at the 
entrance to the trachea pro|>er, and he gives the following as the 
arrangement of parts for the admission of air:—there is a sjurucle 

^ MeTTi, Acc, Liiicei Sotn, (4) iv. 1888, p. 554. 

* ZeiUchr. wins, Zool, xvii. 1867, p. 187. • ZooL Anz, iii. 1880, p. 584. 

* The Cockroach^ 1886, p. 161. ® AncUomy of the Blowfly^ 1893, p. 362 


this latter orifice 



Fw, 61. — Membranous 
space between pro* 
and mesO'thoraces of 
a beetle Euchroma^ 
showing stigma ? 
a, hind margin of 
pronotum ; ft, front 
leg; c, front margin 
of mesouotum ; 
base of elytra; 
inesosteruum. 
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leading into a chamber, the atrium, which is limited inwardly 
by the oceluding apparatus; and btiyond this there is a second 
cliamber, tlie vestibule, separated from the tracheae pr()j)er by a 
valvular arrangement. He considers that the vestibule acts as a 
pump to force the air into the tracheae. 

Systematic Orientation. 

Terms relating to position are unfortunately used ])y writers 
on entomology in various, even in o[)i)osite senses. (Ireat 
confusion exists as to the application of such words as base, apex, 
transverse, longitudinal. We Ciin best exjdain the way in 
which the relative positions and directions of ])arts should be 
described by reference to Figure 62. The spot :> reprt»s(*nts an 
imaginary centre, situated between the thorax and ahdom(*n, to 
which all the parts of the body are su]))H)sed to r»*lated. Tlu^ 
Insect should always be descril)ed (is if it were in tla^ jM»siti(»n 
shown in the Figure, and the terms used should not vary as t he 
position is changed. The creature is jdaced with vtmtral surface 
Ijeneath, and with the apjHindages extended, likt‘ tluj Ins<‘ct itsidf, 
in a horizontal plane. In tlie Figure the legs are, for ch*arm\sH, 

made to radiate, hut in tlie 
proj^er position the .anterior jiair 
should l)e appn»ximate in front, 
and the middle and hind jiairs 
directed backwanls under the 
IxKly. The legs are not to Ik* 
treated as if they were hanging 
from the Ixxly, though that is 
the position they frequently 
actually assume. The right and 
left sides, and the up])r»r and 
lower (Vkjcs (th<*se latter are. 
frequently also .spoken of' as 
sides), are still to retain the 
same nomenclature even when 
terniH of position. A, apex ; B, biwe: tiie position oi the 8t>eciinen is 

reverse.!. The base of an organ 
is tliat margin tliat is nearest 
to the ideal centre, the apex that which is most distant. 
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Thus in Fig. G2, where 1 indicates the front tibia, the apex 
(A) is broader than the ba.se (K); in the antennae tlie apex is 
the front part, wliile in the cerci the ai>ex is the jx)sterior part; 
in the last abdominal segment (2) the base (B) is in front of the 
apex (A). The terms longitudinal and transverse should always 
used with reference to the two chief axes of the l>ody-surface ; 
longitudinal referring to the axis extending from l)efore back¬ 
wards, and transverse to that going across, i.e. from side to side. 
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CHAPTER IV 

AKRANOKMKXT OF INTERNAL OllOANS-MlJSCt-ES-NERVOUS SYSTEM 

-OANGUONIC CHAIN-BRAIN-SENSE-OKCANS-ALIMENTARY 

CANAL MALl’KilllAN TUBES RESBI RATION TRACHEAL 

SYSTEM-FUNCTION OF RESFIRATION-BLOOD OR ItLOOD- 

CHYLE-DORSAL VESSEL OR HEART-FAT-BODY-OVARIES— 

TESTES-I’ARTHENOOENESIS-CLANDS. 


The internal anatomy of Insects may lx; eonveniontly dealt uitli 
under the folloNving heads ;—(1) Muscular system ; (2) nervous 



Fig. 63,—Diagram of arrangenient of some of tlic internal firgana of an Insect : o, month ; 
hj inaudible ; c, pharynx ; oesophagus ; fr, salivary glands (usually extending 
further backwards); /, eye ; #/, supra-oesophageal ganglion ; A, sub-oesophageal 
ganglion ; tentorium; y, aorta; As, entothorax ; ventral nervous 

chain ; 7 / 1 , crop ; n, proveiitriculus ; o, stomach ; Malpighian tubes ; small 
intestine ; r, large intestine ; s, heart; f, jiericardiul septum ; w, w, ovary compbsed 
of four egg-tulles ; r, oviduct; speruiathecu (or an accessory gland); retractile 
ovipositor; y, cercus; labruni. 


system ; (3) alimentary system (under wliich may he included 
secretion and excretion, alxiut which in Insects very little is 
known); (4) respiratory organs ; (5) circulatory systeiii; (G) lat- 
hody ; (7) reproductive system. 
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Many of the anatomical structures have positions in the body 
that are fairly constant throughout the class. Parts of the 
respiratory and muscular systems and the fat-body occur in most 
of the districts of the body. The heart is placed just below the 
dorsal surface ; the alimentary canal extends along the middle 
from the head to the end of the body. The chief parts of the 
nervous system are below the alimentary canal, exc(^pt that the 
brain is placed above the Ijeginning of the canal in the head. 
The reproductive system extends in the abdomen obliquely from 
a])ove downwards, commencing anteriorly at the upj^er part and 
terminating posteriorly at tlie lower part of the body cavity. 

In Fig. we show the arrangement of some of the chief 
organs of the body, with the exception of the muscular and 
respiratory systems, and the fat-body. It is scarcely nece.ssary 
to point out that the figure is merely diagrammatic, and dws not 
show the sha})es and sizes of the organs as they will be found in 
any one Insect. 

Muscles. 

Tlie muscuilar system of InsiH-ts is very extensive. Lyonnet' 
having found, it is sjiid, nearly 4000 muscles in the caterpillar 
of the goat-moth ; a large })art of this numlxu’ are segmental 
repetitions, nevertheless the muscular system is n^ally complex, 
as may Ik? seen by referring to the study of the flight of dragon¬ 
flies by von Ixindenfeld.*^ 

The minute structuie of the muscles d(^s not differ essentially 
from what obtains in Vertebrate animals. The muscles are 
aggregations of minute fibrils which are transversely striated, 
though in variable degree. Those in the thorax are yellow or 
pale brown, but in other parts the colour is more m^irly white. 
The inusc'les of flight are descril>ed iis l^eing jKUietrated by 
numerous tracheae, while those found elsewheiv are merely 
surrounded by these a(*rating tubules. 

The force brought into jday by the contractions of Insect muscles 
is very greut, and has teen repeatedly stated to he much superior 
to that of Vertebrate animals; very little reliance Ciin, however, te 

’ Lyonnet, TraiU anaimxiqujt dc la Chenille qni range le hois de Smdr. 
Haye, 17(52. On p. 188 lie says that ho found 1647 muscles, without counting 
those of the head and internal organs of the body. Ho puts the number found in 
the human body at 529. 

* SH. Ah, Wien, Abth. 1, Ixxxiii. 1881, pp. 289-376. 
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placed on the assumptions and calculations tliat are supposed to 
prove this, and it is not suj)ported hj (.•amerano’s recent researches.^ 
Some of tlie tendons to which the muscles are attached are 
very elaborate structures, and are as hard as the chitinous 
skeleton, so as to l)e like small bones in their nature. A very 
elaborate tendon of this kind is connected with tlie prothoracic 
trochantin in Coleoptera., and may be readily examined in ITydro- 
pJiilm. It lias been suggested that the entothorax is tendinous in 
its origin, but otlier morphologists treat it, with more reason, as 
an elaborate fold inwards of the integument. 


Nervous System. 

Insects are provided with a very complex nervous system, 
which may be treated as consisting of three divisions :—(1) The 
cephalic system ; (2) the ventral, or ganglionic chain ; (M) an 

accessoiy sympathetic system, or 
systems. All these divisions 
are intimately cuniu^cted. We 
will consider first the most ex¬ 
tensive, viz. the ventral chain. 
This consists of a series of small 
massiis of nervous matter called 
ganglia which extend in the 
longitudinal direction of the 



Isidy along the median line of 
tlie lower aspect, and are con¬ 
nected by longitudinal commis¬ 
sures, each ganglion lK*ing joined 
to that following it by two 
threads of ntuwous matter. Tkch 
of the ganglia of the ventral 
chain regally consists of two 
ganglia placed side l)y side and 
connected by commissures as 
well as cellular matter. In 

Fio. 64. —Cephalic ami ventral chain of larvae some of the ganglia may 
ganglia: A, larva of Chirmiomus j B, . 4 .v i. ^.i 

imago of Hipjioboeca. (After Braudt. ) contiguous, 80 thut the coni- 

inissures do not exist. From 
the ganglia motor nerves proceed to tlie various parts of the 
* Metn, Acc, Torino (2), xliii. 1893, p. 229. 
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body for the purpose of stimulating and co-ordinating the 
contractions of tlie muscles. The numlier of tlie ganglia 
in the ventral chain differs greatly in different Insects, and 
even in the different stages of metamorphosis of the same 
species, but never exceeds thirteen. As this numljer is that 
of the segments of the body, it has been considered that each 
segment had primitively a single ganglion. Thirteen ganglia for 
the ventral chain can, however, Ije only demonstrated in the 
emljryonic state ; in the later stages of life eleven ap])ears to \ye 
the largest iiuml>er tliat can ):)e distinguislied, and so many as 
this are found but rarely, and then chiefly in the larval stage. 
The diminution in nuiulKjr takes place by tlie amalgamation or 
coidescence of some of the ganglia, and hence those Insects in 
which the ganglia are h^w are wiiil to have a highly concentrated 
nervous system. Tlui modes in which these ganglia combine are 
very various; t he most usual is inu laqis that of the combination 
of the three terminal ganglia into one Iiody. As a rule it may be 
said that concentration is the concomitant of a more forward posi¬ 
tion of tlie ganglia. As a result of this it is found that in some 
cases, iis in Liiiiellicorii beetles, there are no ganglia situate in 
the abdonum. In the iHufect state of the higher Diptera, the 
thonunc and alulominal ganglia are so completely concentrated 
in the thorax as to form a sort of thoracic brain. In Fig. 64 
we rejiresent a very dilfuse ami a very concentrated ganglionic 
chain; A iRung that of the larva of CIrironomus, 11 that of the 
imago of jrip]fohos(’a. In lioth these sketches the cephalic ganglia 
as well as those of the ventral chain are shown. 

Turning next to the cephalic masses, we find these in the 
perfect Insect to be nearly always two in numlier: a very large 
and complex one jdiK'ed above the oesophagus, and therefore 
called the supra-oesophageal ganglion; and a smaller one, the 
sub- or infra-oesophageal, placed litdow the oesophagus. The 
latter ganglion is in many Insec*ts so closely approximatrd to 
the supra-(x?soj)hageal ganglion that it ap]H^ars to l>e a jmrt 
thereof, and is sometimes spoken of as the lower brain. In 
other Insects these two ganglia are more remote, and the infra- 
oesophageal one then appears part of the ventral cliain. In 
the embryo it is said tliat the mode of development of the 
supra-oesophageal ganglion lends sujiport to the idea that it 
may be the equivalent of three ganglia; there lieing at one 



ii8 


NERVOUS SYSTEM 


CHAP. 


time three lobes, which afterwards coalesce, on each side of the 
mouth. Tliis is in accordance with the view formulated hy 
Viallanes ^ to the effect that this great nerve-centre, or brain, 
as it is frequently called, consists essentially of three parts, viz. 
a Proto-, a Deuto-, and a Trito-cerebron. It is, however, only 
proper to Siiy that though the brain and the ventral chain of 
ganglia may apj)ear to be one system, and in the eiirly embryonic 
condition to ])e actually continuous, these points cannot be con¬ 
sidered to he fully estiiblished. Dr. D Will has informed us^ 
that in Aphididae the brain has a separate origin, and is only 
subsequently united with the ganglionic chain. Some authorities 
say that in the early condition the sub-oesophageal ganglion is 
formed from two, and tlie supra-oesophageal from the same numlxjr 
of ganglia; the division in that case being 2 and 2, not 3 and 1, as 
Viallanes* views would suggest. The inquiries that are necessary 
to estiiblish such points involve very complex and deliciite in¬ 
vestigations, so that it is not a matter of sur])rise that it cannot 
yet he said whether each of these views may in certain cases 
correct. The supra- and sub-oesophagt^al gtinglia are always 
intimately connected by a commissure on each side of the 
oesophagus; when very closely approximatt*(l tliey look like one 
mass through which passes the oesophagus (Fig. 06, A). The 
large supra-oesophage^il ganglion supplies th(i great nerves of 
the cephalic sense-organs, while the smaller sub-oeso])hageal 
centre gives off the nerves to the parts of the mouth. From 
the lower and anterior part of the supra-oeso])liageal ganglion a 
nervous filament extends as a ring roiiiul the anterior part of the 
oesophagus, and supplies a nerve to the u])per lip.^ This structure 
is not very well known, and has l)een chieHy studied by Lienard,^ 
who considers that it wdll x>rove to be present in all Insects. 

Whether the two cephalic ganglia l>e considered as really part 
of a single great ganglionic chain, or the reverse, they are at any 
rate always intimately connected with the ventral ganglia. We 
have already stated that the two cephalic masses are themselves 
closely approximated in many Insects, and may add that in 
some Hemiptera the first thoracic ganglion of the ventral chain 
is amalgamated into one body with the sub-oesophageal ganglion, 

^ Bull, Soc, Thilom, Paris (7), xi. 1887, p. 119, etc., and C. 11, civ. 1887, p. 444. 

* Zool, Jahrhuch, Anat. iii. 1888, p. 276. * Kolbe, Einfilhrung^ 1893, p. 411. 

^ Arch, de Biol. i. 1880, p. 381. 
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and further that there are a few In8(5cts in which thin latter 
centre is wanting. If the cejdmlic ganglia and ventral chain l>e 
looked on as part of one system, this may be considered as 
composed originally of seventeen ganglia, which numl>er has 
been demonstrated in some embryos. 

The anatomy of the supra-oesophageiil ganglion is very 
complex; it lias Ix^en rec^^ntly investigated by Viallanes^ in the 
wasp ( Vespa) and in a grasshopper {Caloptenus italicus). The 
development and complication of its inner structure and of some 
of its outer ])arts appear to lie proportional with the state of 
advancement of the instinct or intelligence of the Insect, and 
Viallanes found the brain of the grasshopper to be of a more 
simple nature than that of the wasp. 


Fig. 65.—Brain of Worker Ant 
of Fonniot rufa^ (After 
Ix*yciig, liiglily magnifieil.) 
Explanation in text. 


Brandt, to whom is due a large pfirt of our knowledge of 
the anatomy of the nervous system in Insects, says that the 
supra-oesophageal ganglion varies greatly in size in various 
Insects, its mass lieing to a great extent proportional with the 
development of the compound eyes; hence the alisolutt^ size is 
not a criterion for the amount of intelligence, and N\e must 
rather look to the coni])licatioii of the structure and to the 
development of certain parts for an imlex of this nature. The 
drone in the honey - liee has, correlatively with the superior 
development of its eyes, a larger brain than the worker, but the 
size of the hemispheres, and the development of the gyri 
cerebrales is superior in the latter. In other words, the mass of 
* Ann. Sci. Kat. ZooL (7) ii. 1887, and iv. 1887. 
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those great lol)es of the ])rain that are directly connected with 
the faceted eyes must not Im taken into account in a considera¬ 
tion of the relation of the size and development of the brain to 
the intelligence of the individual. The weight of the Imiin in 
Insects is said by Lowne to vary from ^ to of the 

weight of the body. 

Figure 65 gives a view of one side of the supra-oesophageal 
ganglion of the worker of an ant ,—Formica rafa ,—and is 
taken from Lt^ydig, who gives the following elucidation of it: 
Ay primary lote, a, homogeneous granular inner su]>stance, h, 
cellular envelope; /J, stalked bodies (gyri cerebrales), (t, as 

before; c, presumed olfactory loljes, c, inner substance, d, gang- 




66. — Stoiiiato - j^astric 
nerves of Cockroach : A, 
with brain in situ, after 
Koestler ; B, with the 
brain reioowU, after Miall 
ami Denny : .<<.//, Kupra- 
oe.s(>p1iageal piiif^lion ; 
optic nerve ; </, antennary 
nerve ; fjjy fronUil gang¬ 
lion ; oesophagus ; r, 
connective ; p.t/y i»aire«l 
ganglia ; r.'/, crop or ven¬ 
tricular ganglion ; /*, re¬ 
current nerve. 


lionic masst^.s; J), fx-ular IoIk?s, r,/, //, //, various laytu*s of tlie 
same; A’, origin of lateral commissures; median commissure 
in interior of brain; a, lower brain (sub-cx^sophagenl ganglion); 
//, ocelli; Jy faceted eve. 

Besides the brain and the great chain of ganglia there exists 
an accessory system, or systems, sometimes called the sym¬ 
pathetic, vagus, or visceral system. Although complex, tliese 
parts are delicate and difficult of dissecti(m, and are consefjueutly 
not so well known as is the ganglionic chain. There is a con¬ 
necting or median nerve cord, communicating with the longi¬ 
tudinal commissures of each segment, and itself dilating into 
ganglia at intervals; this is sometimes called the unjmired 
system. There is another group of nerves having paired ganglia, 
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starting from a small ganglion in tlie forehead, then connecting 
with the brain, and afterwards extending along the oesophagus 
to the crop and proventriculiis (Fig. G6). This is usually called 
the stomatogastric system. The oesophageal ring we have already 
spoken of. 

By means of these accessory nervous systems all the organs 
of the l)ody are brought into more or less direct relation with 
tlie lu’ain and tlie ganglionic chain. 

Our knowledge of tliese subsidiary nervous systems is l)y 
no means extensive, and their nomenclature is very unsettled; 
little is actually known as to their functions. 

Organs of Sense. 

Insects have most delicate powers of perception, indeed they 
are })erhaps superior in this respect to the other classes of 
animals. Tlnur senses, though probaldy on the whole analogous 
to lhos(* of the Vertelu’ata, are certainly far from corresponding 
then^with, and tlieir stms(^ organs seem to l>e even more different 
from those of what we call the higlier animals than the functions 
tluanselves are. We liave already l>rieHy sketched tlie structure 
of the ojitical organs, which are invariably situate on the head. 
This is not tlie case witli the ears, wliich certainly exist in one 
Order,—the Orthoptera,—and are placed either on the front 
legs below tlu‘, knee, or at the base of the abdomen. Notwith¬ 
standing their strange situation, the structures alluded to are 
undoubtedly auditory, and somewhat approximate in nature to the 
ear of Vertebrates, In'ing j»laced in proximity to the inner face of 
a tense membrane; we shall refer to them when considering the 
Orthoptma. Sir John Lublnx’k considers—no doubt with reason 
—that some ants have auditory organs in the tibia. Many 
Insc'cts possess rod-like or bristle-like structures in various iiarts 
of the body, callinl chordoUuial organs; they are considei\‘d by 
(Jralnu’’ and others to have auditory functions, though they are 
not to Ik^ compared with the delinite ear's of the t)rthoptera. 

The other senses and sense organs of Insects are even less 
known, and have given rise to much jicrplexity; for though many 
structures have been detected that may with more or less ])rob- 
ability be looked on as sense organs, it is diflicult to assign a 
* ZooU Anz, iv. 1881, p. 452. 
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particular function to any of them, except it l)o to the sensory 

hairs. These are seated on various 
parts of the body. Tlie chitinous 
covering, l)eing a dead, hard substance, 
has no nerves distributed in it, but it 
is pierced with orifices, and in some of 
these there is implanted a liair which 
at its base is in connexion with a 
such a structure may pos- 





nerve 


Fio. 67. — Longittulinal section of 


sibly ])e sensitive not only to contact 
with solid bodies, but even to vari¬ 
ous kinds of vibration. AVe give a 


portion of cainial api)en(iage of figure (Fig. G7) of soiue of these hairs 
Acheta domestica (after V'om « i i /• • i i. 

Rath): ch, chitin ; hyp, hypo- *“6 CJiUclal apiHJmlajre of a cricket, 

dermU ; n, nerve ; A‘, iiiteKu- after Vom Rath. The Small hairs oil 
iiicQtal hairs, not sensitive; A-, .. . « « . 

ordinary hair ; sensory hair ; outer SUrtace of tllO chitlll in this 

A*. bladder-like hair ; sense- fijrure have no WmSorV function, luit 
cell. ^ 

Ciich of the others ])roi)ably has; and 

these latter, l>eing each accompanied by a different structui*e, 

must, though so clostdy approximatc‘d, 

be supjmed to have a different function ; 

but in what way those that have no 

direct connexion with a nerve may act 

it is difficult to guess. 

The antennae of Insects are the seats 
of a great variety of sense organs, many 
of which are mfxlifications of the hair, 
pit and nerve structure we have deacrih(*d 
above, hut otliei^ cannot he brought 
within this (jategory. Amongst thesf^ 
we may mention the pits covered with 
membrane (figured by various writers), 
perforations t)f the chitin without any 
hair, and membranous hfxlies either con¬ 
cealed in cavities or jiartially iirotruding 
therefrom. 

Various parts of the ibouth are also 
the seats of sense organs of different kinds, some of tliem of a 
compound character; in sueli cases there may 1x3 a considerable 
number of hairs seated on branches of a common nerve as figured 





. 68.—Longitudinal nection 
of apex of palpus of Pieris 
brajtsicae ; scJi^ scales ;’r.A, 
chitin ; Ayp, hypoderniis ; 
w, nerve ; « 2 , sense cells ; 
s/t, sense hairs. (After 
Vom Hath.) 
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by V(jm Eatli^ on the apex of the maxillary palp of Locusta 
viridissima, or a compound organ such as we represent in Fig. 68 
may be located in the interior of the apical portion of the palp. 

The functions of the various structures that have been 
detected are, as already remarked, very difficult to discover. 
Vom Ihith tliinks the cones he descril)es on tlie antennae and palpi 
are organs of smell, while he ?issigns to those on the maxillae, 
lower lip, epipharynx, and hypopharynx the rdle of taste organs, 
but admits he ciinnot draw any absolute line of distinction 
1)etween the two forms. The opinions of Kriiej)elin, Hauser, and 
Will, as well as those of various earlier writers, are considered in 
Sir John Lubbock s book on this subject ’ 


Alimentary and Nutritive System* 

The Jilimentary canal oc'cupies the median longitudinal axis 
of the body, Inung situated IkJow the dorsal vessel, and above the 
ventral nervous chain ; it extends from the mouth to the opposite 
extremity of the body. It varies greatly in the different 
kinds of Tns(K‘ts, but in all its forms it is recognised as con¬ 
sisting esstmtially of three divisions: anterior, middle, and pos¬ 
terior. The tirst and last of these divisions are considered to l>e 
of (piite different morphological nature from the middle part, 
or true stonuich, and to 1»e, as it were, invaginations of the 
extremities of a closed kig; it is ascertained that in the embryo 
these invaginations have really blind extremities (see Fig. 82, 
]). 151), and only subse<piently l)ecome connected with the middle 
part of the canal. There are even some larvae of Insects in which 
the j>osterior ]K)rtion of the canal is not opened till near the close 
of the larval life ; this is tlie case with many Hymenoptera, and 
it is ])rol)able, though not as frequently sUited certain, that the 
oc'cluaion marks the ])oint of junction of tlie prcwtixUiemn with 
the stomacli. The anterior and posterior parts of the canal are 
formed by tlie ectoderm of the embryo, and in embryological and 
morphological language are called resjxjctively the stonaxliieum 
and proetodaeum ; the true stomach is formed from the endoderm, 

^ Zfiisckt. Zool, xlvi. 1888, j>l. xx.\i. 

“ Ch% ih€ Senses, Instincts, and Inttlligence of Animals, with sjKcial reference to 
Insects, Vol. LXV. International Scientific Scries, 1888. 
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and the muscular layer of the whole canal from the meso¬ 
derm. 

The alimentary canal is more complex anatomically tlian it is 
morphologic^illy, and various parts are distinguished, viz. the 
canal and its api>endicula; the former consisting of (x^sophagus, 

crop, gizzard, true stomach, and an 
intestine divided into two or mor(3 
parts. It shouhl be remarked that 
though it is probable that the mor- 
])hologiciil distinctions correspond to 
a greiit extent with tlie anatomical 
lines of demarcation, yet this has 
not bcHiii Kutliciently ascertained : the 
origin of the proctodaeum in 
is indeed a point (»f special ditliculty, 
and one on which there is consider¬ 
able diversity of o])inion. In some 
Hemiptera the division of the canal 
into three ]>arts is very obscure, 
HO that it would be more correct, as 
Dufour says, to dellne it as consist¬ 
ing in these Insects of two main 
divisions—one anterior to, tlie other 
posterior to, tlie insertion of the Mal¬ 
pighian tuU*s. 

It should l)e borne in mind that 
the alimentary canal is very different 
in ditferent Instn-ts, so that the bri(jf 
general description we must confine 
ourselves to will not ]>e found to 

XyphUria camelm (after Du- “PPlj Satisfjiftdnly tO any OllC In- 
four): a, heail capsule ; A, sal- The (XW)phagUS is the. part 1x5- 

crop; C, proventricuius; /, chyle, hiiid tlie mouth, aiid IS Usually narrow, 

or true stomach ; g, small intes- ^ tO paSS through the most 

tiue; A, large intestine ; i, Mai- . * ^ 

pighun tubes; k, termination of imiKirtaiit iiervous Centres ; extrciiiely 

variable in length, it dilates liehind 

to form the crop. It may, too, have a dilatation immediately 

behind the mouth, and in such case a pharynx is considered to 

exist. The crop is broader than the oesophagus, and must be 

looked on as a mere dilatation of the latter, as no line of 
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demamitioii can be point(;(l out Ijetween the two, and the crop 
may l)e totally absent. 

In some of the sucking Insects there is a lateral diverticulum, 
having a stalk of greater or less length, called the sucking 
stomach; it is by no means certain that the function this name 
imi^lies is correctly assigned to the organ. 

The gizzard or proventriculus (French, g^sicr; German, 
Kmiynagen) is a small body interposed in some Insects betwemi 
the true stoiiuich and the cr^)p or o(iso])hagus. It is frequently 
remarkable for the development of its chitinous lining into 
strong toothed or ridged processes that look as if they were well 
ada])ted for the coinininution of food. The function of the 
jjroventriculus in some Insects is obscure; its structure is used 
liy systematists in the classification of ants. The extremity of 
tlie ])roventriculus not infrecpiently projects into the cavity of 
the stomach. 

The true stomach, or chylific ventricle {Magen or Mitteldarm 
of the Gernuins), is present in all the post-embryonic stages of 
the Ins(H*t's life, existing even in the imagines of those wlio 
live only for a few hours, and do not use the stomach for any 
alimentary ])urposi‘. It is so variable in shape aiul capacity that 
no general descrii)tion of it can lx‘ given. Sometimes it is very 
elongate, so that it is coiled and like an intestine in sluq^e; it 
very freqiuuitly bears diverticula or pouches, wliich are placed on 
the anteri(»r pirt, and vary greutly in size, sometimes they are 
only two in nuinlK*r, while in other cnses they are so numerous 
that a ])ortion of tlu‘ outside of the stomach looks as if it were 
covered with villi. A ilivision i>f the stomach into two parts 
is in some castes very marked, and the ]H)sterior ])ortion may, in 
c(u*tain cases, 1 h> mistaken for the intestine; but the ])osition of 
the Malpighian tul>es stu'ves as a mark for the distinction of the 
two structures, the tubes Ixung inserted just at the juiu tion of 
the stomach with the intestine. 

The intestine is very variable in length : the anterior part is 
the smaller, and is frecpiently spoken of as the colon; at the 
extremity of the IxKly the gut liecomes much larger, so tis to 
form a rectum. Tliere is oc*c4isionally a diverticulum or caecum 
connected with the rectum, and in some InstTts stink-glands. 
In some Hemiptera there is no small intestine, the Malpighian 
tubes being inserted at the junction of the stomach with the 
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rectum. The total length of the alimentary canal is extremely 
variable; it is necessarily at least m long tis the distance between 
the mouth and anal orifice, but sometimes it is five or six 
times as long as this, and some of its parts then form coils in 
the abdominal cavity. 

The alimentary canal has two coats of muscles : a longitudinal 
and a tninsverse or annular. Both coexist in most of its parts. 
Internal to these coats there exists in the anterior and })osterior 
parts of the canal a chitiiious layer, which in the stomach is 
replaced by a remarkable epithelium, the cells of which are 
renewed, new ones growing while the old are still in activity. 
We figure a portion of this structure after ^liall and Denny, 
and may remark that Oudemans' has verified the correctness of 
their representation. The layers below represent the longi¬ 
tudinal and transverse muscles. 



Fkj. 70.—Epitlielium of stoiii.nli 
of Cockroarh (after Miall and 
Denny): tlin lower parts indi¬ 
cate the transverse and longi¬ 
tudinal muscular layers. 


In addition to the various diverticula we have mentioned, 
there are two important sets of organs connected with the 
alimentary winal, viz, the salivary glands and tlie Malpigliian 
tubes. 

The salivary glands are present in many Insects, but are 
absent in others. They are situate in the anterior portion of 
the body, and are very variable in their develf)pment, being 
sometimes very extensive, in other cases inconspiciujus. They 
consist either of simple tuWs lined with cells, or of branched 
tubes, or of tubes dilated laterally into little acini or grou])8 of 
bags, the arrangement then somewhat resembling that of a bunch 
,of grapea There are sometimes large sacs or reservoirs con¬ 
nected with the efferent tubes proceeding from the secreting 
portions of the glands. The salivary glands ultimately discharge 
into the mouth, so that the fluid secreted by them has to be 
^ Dierkunde, 16, 1888, p. 192. 
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swallowed in the same manner as the food, not improbaldy along 
with it. The silk so copiously produced by some larvae comes 
from very long tul)e8 similar in form and situation to the simple 
tubes of the sjilivary glands. 

The Malpighian tubules are present in most Insects, though 
they are considered on good authority to Ije aljsent in many 
Colleml)ola and in some Thysanura. They are placed near the 
posterior part of the body, usually opening into the alimentary 
canal just at the junction of the stomach and the intestine, at a 
spot called the ])ylorus. They vary excessively in length and in 
num1)er,^ Ixiing sometimes (»iily two, while in other cases there 
may be a hundred or even more of them. In some cases they 
are laidded off from the hind-gut of the eml»ryo when this is 
still very small; in other cases they apixiar later; frequently 
their nunilxT is greater in the adult than it is in the young. 
In GrylUiUtlpd there is one tube or duct with a considerable 
numlxT of finer tulx*s at the end of it. There is no muscular 
layer in the Mal])ighian tubes, they Ixdng lined with cells which 
leiive a free canal in the centre. The tulK\s are now thought, on 
considerable evideiu*e, to Ix^ organs for the excretion of uric acid 
or urates, but it is not known liow they are emjdied. Marchal 
lias stated “ that he has seen the ]Malj)ighian tulx\s, on extrac¬ 
tion from the body, undergo \vorm-like movements; he suggests 
that their contents may be exjxdled by similar movements when 
they are in the body. 

The functi<uis of the different ]X)rtions of the alimentary 
c^uial, and tlie extent to which the ingested fo(Kl is acted on by 
their mechanical structures or their j)roducts is very obscure, and 
different opinions prevail 011 important iMunts. It would apix^ar 
that the saliva exercist*s a prejiaratory action on the f<LK»d, and 
that the absor])ti(ui of the nutritive matter into the Inxly cavity 
takes ])lace chiefly from the true stomach, while the Maljcichian 
tulx's jx'rform an excretory function. Beyond these elementary, 
thougli but vaguely ascertained facts, little is kiiown, though 
riateau's^ and Jousset’s researches on the digestion of Insects 
throw some light on the subject. 

* For A review of their number soc Whcoler, Douche, vi. 1898, pj). 457, etc. 
j4nn. Soc. JCiU. Fmncr.f Ixi. 189*2, Hull. p. wlvi. 

* Menu Ac. JirUjique (*2), xli. 1876, and Bull, Ac, BchjUpic (*2), xliv. 1S77 
p. 710. 
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Respiratory Organs. 

The respiration of Insects is carried on hy means of a system 
of vessels for the conveyance of air to all parts of the body; this 
system is most remarkably developed and elaliorate, and contrasts 
strongly with the mechanism for the circulation of tlie blood, 
whieli is as much reduced as the air system is highly develop(Ml, 
as well as with the arrangement that exists in the Vertebrates. 
There are in Insects no lungs, but air is carried to (nery part of 
the body directly by means of tracheae. These traclieae con¬ 
nect with the spiracles—the orifices at tlie sid(?s of the body 
we have already mentioned wlien descTibing the external struc¬ 
tures— and the air thus finds its way into the most rtunote 
recesses of the Insect’s b »dy. The traclieae are all intiniattdy 
connected. I..arge tubes connect the spiracles longitudinally, 
others pass from side to side of the bcxly, and a set of tracheae 
for the lower part of the Ixxly is c<uinected with another 
set on the upper surface by means of several desc(niding 
tuliea From these main channels snialhu* liranches extend in all 
directions, forking and giving off twigs, so that all the organs 
inside tlie body am Ini supidied with air in the most lilnual 
manner. On o])ening a freshly dec(‘as(‘d Insect the abumlance of 
the tracheue is one of the jx^cidiarities that most attracts the 
attention; and as thevSe tulK.*s have a ]MH*uliar white* glistening 
apj)earance, they are recognised without ditliculty. In Insects 
of active flight, possibly in some that are more jiassive, though 
never in larvae, there are air-sacs, of more than one kind, con¬ 
nected with the trache^ie, ami these are suilicii*ntly capacious to 
have a considerable effect in diminishing the S]H*cific gravity of 
the Insect. The most usual situation for tliese sacs is the basal 
portion of the alxloininal cavity, on the gre^it latmal trac heal 
conduits. In speaking of the external structure we have remarked 
that the stigmata, or spiracles, by which the air is admitted 
are very various in their size and in the maniun' in which they 
open and close. Some spiracles liave no power of oj)ening; while 
others are provided with a muscular and valvular apparatus for 
the purpose of opening and closing effectually. 

The structure of the tracheae is remarkable: they are elastic 
and consist of an outer cellular, and an inner chitinous layer; 
this latter is strengthened by a j)eculiar si)iral fibre, which gives 
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to the tutes, when examined with the microscope, a transversely, 
closely striated ai)pearance. Packard considers^ that in some 
tracheae this fibre is not really spiral, but consists of a large num¬ 
ber of closely phieed rings. Such a condition has not, however, 
been recorded by any otlier oljserver. The spiral fibre is absfuit 
in the fine capillary twigs of the tracheal system, as well as from 
the expanded sacs. The mcxle of termination of the capillary 
branches is not clear. Some have supposed that the finest twigs 
anastomose with others; on the other hand it has been stiid that 
they terminate by jxuu^trating cells, or that they simply cxuue 
to an end with either oixjii or closed extremities. Wisting- 



Pio. 71.—Portion of the alHionunftl part of tracheal system of a (OedifwJa): 

a, spinicular orifices ; 6, tracheal tubes ; c, vesicular dilatations ; </, tracheal twigs 
or ca])illanes. (After Dufour.) 

hausen ^ states that in the silk-glands the tracheal twigs anas¬ 
tomose, an<l he is of opinion that the fine terminal ixirtions 
contain fluid. However this may lx?, it is certain that all the 
organs are abundantly supplied with a capillary tracheal net¬ 
work, or arlxirofil mmification, and that in some causes the t ulies 
enter the 8ul>stance of tissues. Near their terminations they 
are said to Ixs to millimetre in iliameter. 

We must reix^at that such a system as we have just sketched 
forms a striking contrast to the imixjrfect blood-vascmlar system, 
and that Insects differ profoundly in these respef'ts from Verte¬ 
brate animals. In the latter the blood-vessels iienetrate to all 

* American NaturalUt, xx. 1886, pp. 438 and .'>58, 

* Zeiischr, wiss. xlix. 1890, p. 665. 
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the tissues and form capillaries, while the aerating apparatus is 
confined to one part of the body; in Insects the blood-circulating 
system is very limited, and air is carried directly by complex 
vessels to all parts; thus the tracheal system is universally recog¬ 
nised as one of the most remarkable of the characters of Insects. 

Many Insects have a very active respiratory system, as is shown 
by the rapidity with which they are affected by agents like 
chloroform; but the exact manner in which the breathing is 
carried on is unknown. In living Insects rapid movements of 
contraction and expansion of parts of the body, chiefly the 
abdomen, may be observed, and these bocly contractions are some¬ 
times accompanied by opening and shutting the spiracular 
orifices: it has been inferred that these phenomena are respira¬ 
tory. Although such movements are not always ])resent, it is 
possible that when they occur they may force the air onwards 
to the tissues, though this is by no means certain. It is clear 
that the tracheal system is the usual means of su])plying the 
organisation with oxygen, but it appears to be im})robable that 
it can also act as the agent for removing the carbonaceous pro¬ 
ducts of tissue-changes. It has been thought possible that c^ir- 
bonic acid might reach the spiracles from the remote capillaries 
by a process of diffusion,^ but it should l)e recollected that as 
some Insects have no tracheal system, there must exist some 
other mode of eliminating carbonic acid, and it is ])ossihle that 
this mode may continue to operate as an important agent of 
purification, even when the tracheal system is, as a l)earer of air 
to the tissues, higlily developed. Kisig ^ has suggested that the 
formation of chitin is an act of excretion; if so this is capable 
of relieving the system of carbonic acid to some extent* Others 
have maintained that transpiration takes ])lace tlirough the deli¬ 
cate portions of the integument. Lubbock '* has shown that 
Melolontha larvae breathe "partly by means of their skin.” 
The mode in which the carl)on of tissue-change, and the 
nitrogen of inspiration are removed, is still obscure; but it 
appears probable that the views expressed by Reaumur, Lyonnet, 
and Lowne * as to inspiration and expiration may prove to be 
nearer the truth than those which are more widely current. In 

^ Sec Miall and Denny, Cockroach^ p. 158. 

^ Eisig, Mon. Capitelliden^ 1887, p. 781. 

* Tr, Linn. Soe, Londoii Zool. xxiii. 1860, p. 29. * Blowfly^ etc. p. 876. 
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connexion with this it should be recollected that the outer 
integument consists of chitin, and is cast and renewed several 
times during the life of the individual. Now as chitin consists 
largely of carbon and nitrogen, it is evident that the moulting 
must itself serve as a carbonaceous and nitrogenous excretion. 
If, as is suggested by Bataillon’s researches,^ the condition 
accompanying metamorphosis te that of asphyxia, it is probable 
that the secretion of the new coat of chitin may figure as an 
act of excretion of considerable importance. If there be any 
truth in this suggestion it may prove the means of enabling us 
to comprehend some points in the development of Insects that 
have hitherto proved very pei’plexing. 

Peyroii lias shown ^ that the atmosphere extracted from the 
bodies of Insects (^Melolo7dha) is much less rich in oxygen than 
the surrounding atmosphere is, and at ordinary temperatures 
always contains a much larger proportion of airbonic acid: he 
finds, too, that as in tlie leaves with which he makes a comparison, 
the proportion of oxygen augments as the protoplasmic activity 
diminishes. Were such an observation carried out so as to dis¬ 
tinguish between the air in the tracheal system and the gas in 
other parts of the body the result would be still more interesting. 

We know very little as to the animal heat produced by 
insects, but it is cleur from various observations^ that the 
amount evolved in repose is very small. In different conditions 
of activity the temperature of the insect may rise to be several 
degrees above that of the surrounding medium, but there seems 
to be at present no information as to the physiological mode of 
its production, and as to the channel by which the products— 
whether carbonic acid or other matters—may be disposed of. 

In the order Aptera (Thysanura and Collembola) the tracheal 
system is highly peculiar. In some Collembola it ap^mrently 
does not exist, and in this case we may presume with greater 
certainty that transpiration of gases occurs through the integu¬ 
ment : in other niemters of this Order tracheae are jjresent in a 
more or less imperfect state of development, but the tracheae 
of different segments do not communicate with one another, 

C, JR, Ac. Sci.t cxv. 1892, p. 61, and JBull, Sci, France xxv. 1893, 

p. 18 . 

* Compt, rend, Ac, PariSf cii. 1886, p, 1839. 

• Sea Newport, PhU, Trane, 1837, and Lubbock Limu Trane, xxiii. 1860, 

p. 29, etc. 
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thus forming a remarkable contrast to tlie amalgamated tracheal 
system of the other Orders of Insects, where, even when the 
tracheal system is much reduced in extent (as in Coccidae), it is 
nevertheless completely unified. Gryllotalpa is, however, said 
by Dohrn ^ to he exceptional in this respect; the tracheae con¬ 
nected with each spiracle remaining unconnected. 

Water Insects have usually peculiarities in their respiratory 
systems, though these are not so great as might d priori have 
been anticipited. Some breathe by coming to the surface and 
taking in a supply of air in various manners, but some appar¬ 
ently obtain from the water itself the air necessary for their 
physiological processes. Aquatic Insects are frequently provided 
with gills, which may be either wing-like expansions of the 
integument containing some tracheae (Ephemeridae larvae), or 
bunches of tubes, or single tubes (Trichoptera larvae). Such 
Insects may either possess stigmata in addition to the gills, or 
be destitute of them. In other cases air is obtained by taking 
water into the posterior part of the alimentary canal (many 
dragon-flies), which part is then provided with sj>ecial trache^ie. 
Some water-larvae appear to possess neither stigmata nor gills 
(certain Perlidae and Diptera), and it is supposed tliat these 
obtain air through the integument; in such Insects tracheal 
twigs may frequently be seen on the interior of the skin. In 
the imago state it is the rule that Water Insects breathe by 
means of stigmata, and that they carry about with them a Bupj)ly 
of air sufficient for a longer or shorter period. A gre^it many 
Insects that live in water in their earlier stages and breathe 
there by peculiar means, in their perfect imago state live in the 
air and breathe in the usual manner. There are, in both ter¬ 
restrial and aquatic Insects, a few cases of exsertile sacs without 
tracheae, but filled with blood {Pelohivs larva, Machilis, etc.); and 
such organs are supposed to be of a respiratory nature, though 
there does not appear to be any positive evidence to that effect. 

Blood and Blood-Oircnlation. 

Owing to the great complexity of the tracheal system, and to 
its general diffusion in the body, the blood and its circulation are 
very different in Insects from what they are in Vertebrates, so 
* Ztiitchr, win, Zooh xxvi. 1876, p. 187. 



IV 


CIRCULATION 


133 


that it is scarcely conducive to the progress of physiological 
knowledge to call two fluids with such different functions by one 
name. The blood of Insects varies according to the species, and 
in all probability even in conformity with the stage of the life 
of the individual. Its primary office is that of feeding the 
tissues it bathes, and it cannot be considered as having any aerat> 
ing function. It is frequently crowded with fatty substances. 
Graber says: The richness of Insect blood in unsaponified or 
unelaborated fat shows in the plainest manner that it is more 
properly a mixture of blood and chyle; or indeed we might say 
with greater accuracy, leaving out of consideration certain 
matters to lie eliminated from it, that it is a refined or distilled 
cliyle.” Connected in the most intimate manner with the blood 
there is a large quantity of material called vaguely the fat- 
body ; the blood and its adjuncts of this kind being called 
by Wielowiejski ^ the blood-tissue. We shall return to the 
consideration of this tissue after sketching the apparatus for 
distril)uting the refined chyle, or blood as we must, using the 
ordinary term, call it. 

There is in Insects no complete system of blood-vessels, though 
tliere is a pulsating vessel to ensure distribution of the nutritive 
fiuid. This dorsiil vessel, or lieart as it is frequently called, may 
be distinguished and its pulsations watched, in transjuirent 
Insects when alive. It is situate at the upjHU' pirt of the 
body, extending from the posterior extremity, or near it, to the 
head or thorax, and is an elongate tube, consisting as it were of 
a number of united chandlers ; it is closed behind, except in 
some larvae, but is oj)en in front, and has several orifices at the 
sides; these orifices, or ostia, are frequently absent from the 
front part of the tube, which portion is also narrower, being 
called the aorta—by no means a suitable term. Near the lateral 
orifices there are delicate folds, which act to some extent as 
valves, facilitiiting, in conjunction with the mode of contraction 
of the vessel, a forward movement of the blood. The composition 
of the tube, or series of chambers, is that of a muscular layer, 
with internal and external membranous coverings, the intima and 
adventitia. Olga l*oleUijewa states ^ that in Bomhm the dorsal 
vessel consists of five chambers placed in longitudinal succession, 
and not very intimately connected, and that there is but little 
^ ZeiUschr, mss, Zool, xliii. 1886, p. 512. ' ZooL Anz, ix. 1886, ]). 13. 
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valvular structure. In Cimhex she finds a similar arrangement, 
but there are ten chambers, and no aorta. 

The dorsal vessel is connected with the roof of the body by 
some short muscles, and is usually much surrounded by fat-body 
into which tracheae i)eiietrate; by these various means it is kept 
in position, though only loosely attached; beneath it there is 
A delicate, incomplete or fenestrate, membrane, delimiting a sort 
of space called the pericardial chamber or sinus; connected with 
this membrane are some very delicate muscles, the alary muscles, 
extending inwards from the body wall (6, Pig. 72): the curtain 
formed by these muscles and the fenestrate membrane is called 


Tit 



Fia. 72. — Dorsal vessel 
(c), and alary muscles 
(6),of Grylloialpa {after 
Graber); a, aorta. 
y,B. — Tlie ventral 
aspect is bere dorsal, 
and nearly the whole 
of the body is removed 
to show these parts. 


Fio. 73.—Diagram of transverse section 
of pericardial sinus of (MUpoda coeru- 
IcAcens, (After Graber, Arch. Alikr. 
Anat. ix.) H, heart; j», septum ; m, 
muscles—the upper suspensory, the 
lower alary. 


the pericardial diaphragm or septum. The alary musedes are 
not directly connected with the heart. 

It has been thought by some that delicate vessels exist Ijeyond 
the aorta througli which the fluid is distributed in definite 
channels, but this does not appear to Ije really the case, although 
the fluid may frequently be seen to move in definite lines at some 
distance from the heart. 

There is still much uncertainty as to some of the details of 
the action of the heart, and more especially as to the influence of 
the alary muscles. The effect of the contraction of these must 
be to increase the area of the pericardial chamber by rendering 
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its floor or septum less arched, as shown in our diagram (Fig. 73), 
representing a transverse section through the pericardial chamber, 
H being the dorsal vessel with m its suspensory muscles, and s its 
septum, with m the alary muscles. The contraction of these latter 
would draw the septum into the position of the dotted line, thus 
increasing tlie area of the sinus above; but as this floor or septum 
is a fenestrated structure, its contraction allows fluid to pass 
through it to the chamber above; thus this arrangement may 
be looked on as a means of keeping up a supply of fluid to tlie 
dorsal vessel, the perforated septum, when it contracts, exerting 
pressure on the tissues below; these are saturated with fluid, 
which passes through the apertures to the enlarged pericardial 
chamber. 

Some misconception lias prevailed, too, as to the function of 
the periciirdial chamljer. This space frequently contains a large 
quantity of fat-body—pericardial tissue—together with traclieae, 
and tliis has given rise to the idea that it might be lung-like 
in function; but, as Miall and Denny ^ have pointed out, this is 
erroneous; the tissues in Insects have their own ample sup¬ 
plies of air. It has also been supposed that the alary muscles 
cause the contraction of the heart, but this is not directly the 
ease, for they are not attached to it, and it pulsates after they 
have been severed. It has lieen suggested that the contractions 
of this vessel are regulated by small ganglia placed on, or in, its 
substance. However this may be, these contractions vary enor¬ 
mously according to the condition of the Insect; they may be 
as many, it is said, as 100 or more in a minute, or they may be 
very slow and feeble, if not altogether absent, without the death 
of the Insect ensuing. 

The expulsion of the blood from the front of the dorsal 
vessel seems to be due to the rhythm of the contrac¬ 
tion of the vessel as well as to its mechanical structure. 
Bataillon says,^ confirming an observation of Keaumur, that at 
the period when the silkworm is about to change to the chrysalis 
condition, the circidation undergoes periixlical changes, the fluid 
moving during some intervals of about ten minutes’ dmratiou in 
a reversed direction, while at other times the blood is expelled 
in front and backwards simultaneously, owing apparently to a 
rhythmical change in the mode of contraction of the dorsal vessel. 

* CocXttmmA, p. 140. * JBulL Set France Sehjiqne^ xxv. 1893, p. 22. 
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As the dorsal vessel consists of a number of distinct chambers, 
it has been suggested that there is normally one of these for 
each segment of the.body; and it appears that the total numl^er 
is sometimes thirteen, which is frequently that of the segments 
of the body without the head. The number of chambers differs, 
however, greatly, as we have previously stated, and cannot be 
considered to support the idea of an original segmental arrange¬ 
ment of the chaml)ers. The dorsal vessel, though in the adult a 
single organ, arises in tlie embryo from two lateral, widely 
separated parts which only in a subsequent stage of the embry¬ 
onic development coalesce in the median line. 

Pat-Body. 

In discussing the tracheae we remarked on the importance of 
their function and on their abundant pr(‘sence in the body. 
Equally conspicuous, and perhaps scarcely less important in func¬ 
tion, is the fat-body, which on opening some Insects, especially 
such as are in the larval stage, at once attracts attention. It 
consists of masses of various size and indefinite form distributed 
throughout the l)ody, loosely connected together, and more or 
less surrounding and concealing the different organs. The colour 
varies according to the species of Insect. This fat-body is much 
connected with fine tracheal twigs, so that an organisation extend¬ 
ing throughout the l)ody is thus formed. It may be looked on iis 
a store of nutritious matter which may be added to or drawn 
on with great rapidity; and it is no doubt on this that many of 
the internal parasites, so common in the earlier stages of Insects* 
lives, subsist Ijefore attacking the more permanent tissues of their 
hosta There is some reason to suppose that the fat-body may 
have some potency in determining the hunger of the Insect, for 
some parasitised larvae eat incessantly. 

The matter extracted from the food taken into the stomach 
of the In.sect, after undergoing some elaboration—on which point 
very little is known—finds its way into the body-cavity of the 
creature, and as it is not confined in any special vessels the fat- 
'body has as unlimited a supply of the nutritive fluid as the 
other organs: if nutriment be present in much greater quantity 
than is required for the purposes of immediate activity, meta¬ 
morphosis or reproduction, it is no doubt taken up by the fat- 
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body which thus maintains, as it were, an independent feeble life, 
subject to the demands of the higher parts of the organisation. 
It undoubtedly is very imi)ortant in metamorphosis, indeed it 
is possible tliat one of the advantages of the larval state may be 
found in tlie fact that it facilitates, by means of the fat-body, 
tlie storage in the organisation of large quantities of material 
in a comparatively sliort j>eriod of time. 

A considerable quantity of fat tissue is found in the peri¬ 
cardial sinus, where it is frecjuently of somewhat peculiar form, and 
is spoken of as pericardial cells, or pericardial tissue. Some large 
cells, frequently of pale yellow colour, and containing no fat, are 
called oenocytes by Wielowiejski. They are connected with the 
general fat-body, but are not entirely mingled with it; several 
kinds liave been already distinguished, and they are probably 
generally present. The phagocytes, or leucocytes, the cells that 
institute the process of histolysis in the metamorphosis of 
Muscidae, are a form of blood cell; though these cells are 
amoeboid some writers derive them from the fat-body. The 
cells in the blood liave no doubt generally an intimate re¬ 
lation with the fat-body, but very little accurate information has 
been obtaine<l as to tliese important physiological points, though 
Graber lias inaugurated their study.^ 

Organs of Sex. 

The continuation of the species is effected in Insects by means 
of two sexes, each endowed with sjiecial reproductive organs. It 
luis been stated that there are three sexes in some Insects—male, 
female, and neuter; but this is not correct, as the so-called 
neuters are truly sexed individuals,—generally females,—though, 
as a rule, they are not occupied with the direct physiological 
processes for continuing the species. 

The offspring is usually produced in the shape of eggs, which 
are formed in ovaries. These organs consist of egg-tubes, a cluster 
of which is placed on each side of the body, and is suspended, 
according to I.eydig*'* and others, to the tissue connected with 
the heart by means of the thread-like terminations of the tulies. 
The number of egg-tubes varies greatly in different Insects; 
there may be only one to each ovary (Cainpodea), but usually the 
^ BioU CentrcUhl, xi. 1891, p, 212. * Acta, Ac. German, xxxiii. 1867, No. 2. 
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number is greater, and in the queen-bee it is increased to about 
180. In the Queens of the Termitidae, or white ants, the ovaries 
take on an extraordinary development; they fill the whole of the 
greatly distended hind-body. Three thousand egg-tubes, each con¬ 
taining many hundred eggs, may be found in a Queen Termite, so 
that, as has been said by Hagen,^ an offspring of millions in number 
is probable. There is considerable variety in the arrangements 
for the growth of the eggs in the egg-tubes. Speaking concisely, 

the tubes may be considered to be 
centres of attraction for nutritive 
material, of which they frequently 
contain considerable stores. Next 
to the terminal thread, of which we 
have already spoken, there is a 
greater or smaller enlargement of 
the tube, called the terminal cham¬ 
ber; and there may also be nutri¬ 
ment chambers, in ad<lition to the 
dilatations whicdi form the egg-cham¬ 
bers proper. Korschelt * distinguishes 
tliree principal forms of egg-tubes, viz. 
(1) there are no si)ecial nutriment 
chambers, a condition shown in Figure 
74; (2) nutriment chambers alter¬ 
nate with the egg-chambers, as shown 
in our Figure of an egg - tube of 

Pio. 74.—Sex otxans of female of Ifytiseus maryinalis ; (3) the ter- 

.Sfcofta (after Dufour) ; mitial chamber takes on an unusual 

a, egg-tubes; 6, oviducts; c, . . a ^ 

poison glands; rf, duct of acces- development, acting as a large nutri- 

801 ^ gland (or s^miatliecii) ; e, merit chamber, there being no other 
external terminal parts of body, ® 

special nutriment chambers. This 
condition is found in Bhizotrotjus solstitialis. The arrangements 
as to sucx3essive or simultaneous production of the eggs in the 
tubes seem to differ in difierent Insects. In some forms, such as 
the white ants, the process of egg-formation (oogenesis) attains a 
rapidity that is almost incredible, and is continued, it is said, for 
periods of many months. There is no point in which Insects 
differ more than in that of the number of eggs produced by one 

^ Linnaea ciUomologica, xii. 1858, p. 318. 

^ Zcitschr, wiaa, Zool, 1886, xliii. p. 539. 
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female. The egg-tubes are connected with a duct for the con¬ 
veyance of the eggs to the exterior, and the arrangements of 
the tubes with regard to the oviduct also vary 
much. An interesting condition is found in 
Maehilis (see Fig. 94, p. 188), where the seven 
egg - tubes are not arranged in a bunch, but 
open at a distance from one another into the 
elongated duct. The two oviducts usually unite 
into one chamber, called the azygos portion or 
the uterus, near their termination. Tliere are a 
few Insects (Epliemeridae) in which the two ovi¬ 
ducts do not unite, but have a pair of orifices at 
tlie extremity of the bcnly. Hatchett-Jackson 
has recently shown ^ that in Vanessa to of the 
Order Lepidoptera, the paired larval oviducts are 
solid, and are fixed ventrally so as to represent 
an Ephemerideau stage; that the azygos system 
of ducts and appended structures develop separ¬ 
ately from the original oviducts, and that they 
pass through stages represented in other Orders 
of Insects to the stage peculiar to the Lepi¬ 
doptera. Maehilis, according to Oudemans, is a 
complete connecting link between the Insects 
with single and those with paired orifices. 

There are in diflerent Insects more than one 
kind of diverticula and accessory glands in con¬ 
nexion with the oviducts or uterus; a recepUi- 
culuin seminis, also called sj>ermatheca, is common. 

In the I.«epidoptera there is added a remarkable 
structure, the bursa copulatrix, which is a pouch 
connected by a tubular isthmus with the common 
portion of the oviduct, but having at the same time a separate 
external orifice, so that there are two sexual orifices, the opening 
of the bursa copulatrix being the lower or more anterior. The 
organ called by Dufour in his various contributions gla nde s^hifique, 
is now considered to be, in some cases at any rate, a sj)ermatheca. 
The special functions of the accessory glands are still very 
obscure. 

The ovaries of the female are replaced in the male by a pair 
* TV. Linn, Soc, London, 2nd ser, ; ^od. v. 1890, p. 178. 


Fig. 75.—Egg-tube 
of Dytisciis inar- 
ginalis ; e.c, egg- 
chamber ; n.c, 
nutriment cham¬ 
ber ; t.c, terminal 
chamber ; t.t, 
terminal threail. 
(After Kor- 
schelt.) 
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of testes, organs exhibiting much variety of form. The structure 
may consist of an extremely long and fine convoluted tube, packed 
into a small space and covered with a capsule; or there may be 
several shorter tubes. As another extreme may be mentioned the 
existence of a number of small follicles opening into a common 
tube, several of these small bodies forming together a testis. As 
a rule each testis has its own capsule, but cases occur—very 
frequently in the Lepidoptera—in which the two testes are 
enclosed in a common capsule; so that there then appears to be 
only one testis. The secretion of each testis is conveyed out¬ 
wards by means of a slender tube, the vas deferens, and there are 
always two such tubes, even when the two testes are placed 
in one capsule. The vasa deferentia difter greatly in tlieir 
length in different Insects, and are in some cases many times the 
length of the body; they open into a common duct, the ductus 
ejaculatorius. Usually at some part of the vas deferens there 
exists a reservoir in the form of a Siic or dilata¬ 
tion, called the vesicula seininalis. There are 
* ® in the male, as well as in the female, frecpiently 
diverticula, or glands, in connexion with the 
sexual passages; these sometimes exhibit very 
remarkable forms, as in the common cfxikroacli, 
but their functions are quite obscure. There 
is, as we liave already remarked, extreme variety 
in the details of the structure of the internal 
reproductive apparatus in the male, and there are 
a few cases in which the vasti deferentia do not 
unite behind, but terminate in a pair of separate 
orifices. The genus Mdchilis is as remarkable in 
the form of the sexual glands and ducts of the 
male as we have already mentioned it to be in 
corresponding parts of the female. 
cificta, «, «, Although the internal sexjual organs are only 
develoijed in the imago or terminal stage 
vesicuhe wmin- of the individual life, yet in reality their rudi- 
It^of Wy^wHh nients appear very early, and may be detected 

copulatory ar- from the embryo state onwards through the 
mature. (After ^ ^ 

Dttfour.) other preparatory stages. 

The spermatozoa of a considerable number of 
Insects, especially of Coleopteru, have been examined by Ballo- 
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witz;^ they exhibit great variety; usually they are of extremely 
elongate form, thread-like, with curious sagittate or simply 
pointed heads, and are of a fibrillar structure, breaking up at 
various parts into finer threads. 

External Sexual Organs. —The terminal segments of the 
body are usually very highly modified in connexion with the 
external sexual organs, and this modification occurs in such a 
great variety of forms as to render it impossible to give any general 
account thereof, or of the organs themselvea Some of these 
segments—or parts of the segments, for it may be dorsal plates 
or ventral plates, or both—may be withdrawn into the interior, 
and changed in shape, or may be doubled over, so that the 
true termination of the body may be concealed. The com¬ 
parative anatomy of all these parts is especially complex in 
the males, and lias been as yet but little elucidated, and as the 
various terms made use of by descriptive entomologists are of 
an unsatisfactory nature we may be excused from enumerat¬ 
ing them. We may, however, mention that when a terminal 
chamlier is found, with which both the alimentary canal and the 
sexual organs are connected, it is called a cloaca, as in other 
animals. 


Parthenogenesis. 

There are undoubted causes in Insects of the occurrence of 
parthenogenesis, that is, the production of young by a female 
without concurrence of a male. This phenomenon is usually 
limited to a small number of generations, as in the case of the 
Aphididae, or even to a single generation, as occurs in the alterna¬ 
tion of generations of many Cynipidae, a parthenogenetic alter¬ 
nating with a sexual generation. There are, however, a few 
species of Insects of which no male is known (in Tenthredinidae, 
Cynipidae, Coccidae), and these must be looked on as perpetually 
parthenogenetic. . It is a curious fact that the result of jiartheno- 
genesis in some species is the production of only one sex, which 
in some Insects is female, in others male; the phenomenon in the 
former case is called by Taschenberg* Thelyotoky, in the latter 
case Arrhenotoky; Deuterotoky being applied to the cases in 
which two sexes are produced. In some forms of partheno- 
* Zeitschr, wi$s, ZooL 1. 1890, p. 817. * Ath* Oes, HaliA.xv\i, 1892, p. 865. 
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genesis the young are produced alive instead of in the fonn of 
eggs. A very rare kind of parthenogenesis, called paedogenesis, 
has been found to exist in two or three species of Diptera, 
young being produced by the immature Insect, either larva or 
pupa. 


Glands. 

Insects are provided with a variety of glands, some of 
which we have alluded to in describing the alimentary canal 
and the organs of sex; but in addition to these there are others 
in connexion with the outer integument; they may be either 
single cells, as described by Miall in Dieranota larva,^ or groups 
of cells, isolated in tubes, or pouches. The minute structure 
of Insect glands has been to some extent described by Leydig; ^ 
they appear to be essentially of a simple nature, but their special 
functions are very problematic, it being difficult to obtain 
sufficient of their products for satisfactory examination. 

^ Tr. EnL Soc, L<mdon^ 1893, p. 241. * Arch, Amt, Phya, 1855 and 185C 
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DEVELOPMENT 

EMBRYOLOGY-EGGS-MICROPYLES-FORMATION OF EMBRYO-VEN¬ 
TRAL PLATE-ECTODERM AND ENDODERM-SEGMENTATION- 

LATER STAliES-DIRECT OBSERVATION OF EMBRYO-METAMOR¬ 
PHOSIS-COMPLETE AND INCOMPLETE-INSTAR-HYPERMETA¬ 
MORPHOSIS—METAMORPHOSIS OF INTERNAL ORGANS-INTEGU¬ 
MENT-METAMORPHOSIS OF BLOWFLY-HISTOLYSIS-IMAGINAL 

DISCS-PHYSIOLOGY OF METAMORPHOSIS-ECDYSIS. 

The processes for the maintenance of the life of the individual 
are in Insects of less proportional importance in comparison with 
those for the maintenance of the species than they are in Verte¬ 
brates. The generations of Insects are numerous, and the in¬ 
dividuals produced in each generation are still more profuse. 
The individuals have as a rule only a short life; several successive 
generations may indeed make their api>earances and disapi>ear 
in the course of a single yeiir. 

Although eggs are laid by the great majority of Insects, a 
few species nevertheless increase their numbers by the production 
of living young, in a shape more or less closely similar to that 
of the parent. This is well known to take place in the Aphi- 
didae or green-fly Insects, whose rapid increase in numbers is 
such a plague to the farmer and gardener. These and some other 
cases are, however, exceptional, and only emphasise the fact that 
Insects are pre-eminently ovijmrous. Leydig, indeed, has found 
in the same Aphis, and even in the same ovary, an egg-tulie 
producing eggs while a neighbouring tube is producing vivi¬ 
parous individuals.^ In the Diptera pupipara tlie young are 
' Acta, Ac, German, xxxiii. 1867, No. 2, p, 81. 
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produced one at a time, and are born in the pupal stage of their 
development, the earlier larval state being undergone in the 
body of the parent; thus a single large egg is laid, which is 
really a pupa 

The eggs are usually of rather large size in comparison with 
the parent, and are produced in numbers varying according to 
the species from a few—15 or even less in some fossorial 
Hymenoptera—to many thousands in the social Insects: some¬ 
where between 50 and 100 may perhaps be taken as an 
avemge number for one female to inoduce. The whole number 
is frequently deposited with rapidity, and the parent then dies 
at once. Some of the migratory locmsts are known to de])osit 
l)atches of eggs after considerable intervals of time and change 
of hxjiility. The social Insticts prt^sent extraordinaiy anomalies 
as to the production of tlie eggs ami tlie prolongation of the life 
of the female parent, who is in such ciises called a queen. 

The living matter contained in the egg of an Insect is 
protected by three external coats: (1) a delicuite interior oolemm ; 

(2) a stronger, usually shell-like, covering 
called the chorion ; (;>) a layer of material 
added to the exterior of the egg from 
glands, at or near tlie time when it is 
deposited, and of very various elianicter, 
j ^ sometimes forming a coat on ea(di egg 

V and sometimes a common covering or 
capsule for a number of eggs. The egg¬ 
shell proper, or chorion, is frequently 
covered in whole or jiart with a complex 
pylar aspect of ej'g of iiiiiiute sculpture, of a symmetrical char- 

Scudder.) acter, and in some ctises this is very 

highly developed, forming an ornamenta¬ 
tion of much delicacy; hence some Insects' eggs are objects of 
admirable appearance, though the microscope is of course necessary 
to reveal their charms. One of the families of butterflies, the 
Lycaenidae, is remarkable for the complex forms displayed by the 
ornamentation of the chorion (see Fig. 78, B). 

The egg-shell at one pole of the egg is j)erforated by one or 
more minute orifices for the admission to the interior of the 
spermatozoon, and it is the rule that the shell hereabouts is 
symmetrically sculptured (see Fig. 77), even when it is unorna- 
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meiited elsewhere: the apertures in question are called micro- 
pyles. They are sometimes protected by a micropyle apparatus, 
consisting of raised processes, or porches; these are develo]3ed 
to an extraordinary extent in some eggs, especially in those of 



S Fio. 78.—Eggs of In¬ 
sects : A, blowfly 
(after Henking); B, 
butterfly, Theda, 
(after Sciidder) ; C, 
Hemipteron (Redu- 
viid). 


C 


TTemiptera-Heteroptera (see Fig. V8, C). Some of these jjeculiar 
structures liave ]>eeu described and figured by licuckart.' The 
purpose they serve is quite obscure. 


Formation of Embryo. 

The mature, but unfertilised, egg is filled with matter that 
should ultimately become the future individual, and in the 
process of attaining this end is the seat of a most remarkable 
stories of changes, whicli in some Insects are passed through with 
extreme rapidity. The egg-contents consist of a comparatively 
structureless matrix of a protoplasmic nature and of yolk, both 
of wliich are distributed tliroughout tlie egg in an approximately 
even manner. Tlie yolk, however, is by no means of a simple 
nature, but consists, even in a single egg, of two or three kinds 
of spherular or granular constituents; and these vary much in their 
appearance and arrangement in the early stages of the develop¬ 
ment of an egg, the yolk of the same egg l)eing either i)f a homo¬ 
geneously granular nature, or consisting of granules and larger 
masses, as well as of particles of fatty matter; these latter when 
seen through the microscope looking sometimes like shining, 
nearly colourless, globules. The nature of the matrix—which term 
we may apply to both the protoplasm and yolk as distinguished 
^ MUlIUt's Arch, Anat, Phys, 1855, p. 90. 
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from the minute formative portions of the egg—and the changes 
that take place in it have been to some extent studied, and 
Kowalewsky, Dohrn,' Woodworth,* and others have given some 
particulars about them. The early changes in the formative 
parts of the mature egg have been observed l)y Henking in 
several Insects, and particularly in Pyrrhocoris, liis observations 
being of considerable interest. When the egg is in the 
ovary and before it is quite mature,—at the time, in fact, 
when it is receiving nutriment from ovarian cells,—it contains 
a germinal vesicle including a germinal spot, but wlien the 
egg is mature the germinal vesicle has disjippeared, and there 
exists in its place at one portion of the periphery of the egg- 
contents a cluster of minute bodies called chromosomes l)y Henking, 
whom we shall follow in brietly describing their clianges. The 
^ group divides into two, each of 

V- which is arranged in a rod or 

spindle - like manner, and may 
then be called a directive rod 
or spindle. Tlie outer of these 
^ , groups travels quite to the 

L periphery of the egg, and there 

with some adjacent matter is 
I extruded quite outside the egg- 

contents (not outside the egg- 

coverings), being in its aug¬ 
mented form called a polar or 
directive body. Wliile this is 
going on the second directive 
Fio. 79.-Showiiig the two extrud«l ^lar spindle itself divides iuto two 

included, and the formation of the groups, the outer of which is 

we have already described in 
the case of the first polar body, thus completing the extrusion of 
two directive bodies. The es.sential parts of the bodies that 
are successively formed during these processes are the aggregates, 
called chromosomes; the number of these chromosomes appears 
to be constant in each species; their movements and dispositions 
are of a very interesting character, the systems they form in 

' Zeiisekr, wUh, Zool, xxvi. 1876, p. 116. 

’ Scudder, Butterflies of New England^ i. 1889, p. 99. 
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the course of their development having polar and equatorial 
arrangements. These we cannot further allude to, but may 
mention that the extrusion of the directive bodies is only 
temjKDrary, they l)eing again included within the periphery of the 
egg by the growth and extension of adjacent parts which meet 
over and thus enclose the bcKliea 

The arrangements and movements we have briefly alluded to 
have been limited to the unfertilised condition of the egg (w^e 
should rather say, the fertilising element has taken no part in 
them), and have as their result the union of the chromosomes 
existing after the extrusion of the two polar bodies, into a small 
body called the female pronucleus or egg-nucleus (Eikern), while 
the position of the movements has teen an extremely minute 
portion of the egg near to its outer surface or periphery. The 
introduction of a sjHirm, or male, element to the egg through 
the micropyle gives rise to the formation of another minute body 
placed more in the interior of the egg, and chilled the sj)erm- 
nucleus. The egg-nucleus, travelling more into the interior of 
the egg, meets the sperm-nucleus; the two amalgamate, forming 
a nucleus or body that goes through a series of changes resulting 
in its division into two daughter-bodies. These two again divide, 
and by repetitions of such division a large number of nuclei 
are formed which tecome arranged in a continuous manner so 
as to form an envehqie enclosing a considerable part (if not 
quite the whole) of the egg-mass. This envelope is called tlie 
blastoderm, and together with its contents will form the embryo. 
We must merely allude to the fiu.*t that it has teen considered 
that some of the nuclei forming the blastoderm arise directly 
from the egg-mass liy a i)r(K*ess of amalgamation, and if this 
prove to lx*, correct it may 1x3 admitted that some portions of 
the embryo are not entirely the result of division or segmentation 
of combined germ and sperm-nuclei. Wheeler states ^ that some 
of the nuclei formed by the first differentiation go to form the 
vitellophags scattered throughout the yolk. We should also 
remark that, aceording to Henking, the blastoderm when com¬ 
pleted shows at one part a thickening, immediately under 
which (i.e. included in the area the blastoderm encloses) are the 
two polar bodies, which, as we have seen, were formed by the 
germinating body at an earlier stage of its activity. Fig. 79 
^ Marpkol. viii. 1893, p. 81 ; see also Graber's table on p. 149. 
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represents a stage in tlie development of PyrrhocoriSy showing 
the interior of the egg after a body has been formed by the union 
of the sperm and egg-nuclei; this body is about to undergo 
division or segmentation, and the equatorial arrangement where 
this will take place is seen. The two polar bodies 1’^,, after 
having been excluded, are nearly reincluded in the egg. 


The Ventral Plate. 



The next important change after the formation of the blastoderm 
is the partial detachment of a part of its periphery to become 
placed in the interior of the other and larger 
portion. The way in whicli this takes place 
will be gathered from the accompanying dia¬ 
grammatic figures taken from Gral)er: a 
thickened portion (a h) of the blastoderm 
becomes indrawn so as to leave a fold 
( 6 * d) at each point of its withdrawal, and 
these folds afterwards grow and meet so as 
to enclose the thickened ])ortion. Tluj outer 
envelope, formed in part by the original 
blastoderm and in part by the new growth, 
is called the serosa (e /), the inner layer ( 7 ) of 
enclosure of the ven- ^he coiijoiiied iicw tolds being termed the 

trai plate ; A, ft, amiiioii: the part withdrawn to the interior 
ventral plate; B, c, , 1 i 1 i . . 

dy folds of the bias- and covcred by the serosa and amnion is 

toderm that form the called the Ventral plate, or germinal liand 

amnion and serosa; {KeinistreAf), and becomes developed into the 

C, /, part of the f^ture animal. The details of the withdrawal 
serosa ; y, amnion. 

of the ventral plate to the interior are very 
different in the various Insects that have been investigated. 

One of the earliest stages in the development is a differentia¬ 
tion of a portion of the ventral plate into layers from which 
the future parts of the organisation will be derived. This 
separation of endoderm from ectodenn takes place by a sort 
of invagination, analogous with that by which the ventral plate 
itself is formed. A longitudinal depression running along the 
middle of the ventral plate apjiears, and forms a groove or 
channel, which becomes obliterated as to its outer face by the 
meeting together of the two margins of the groove (except on the 
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anterior part, which remains open). The more internal layer of 
tlie periphery of this closed canal is the origin of the eiido- 
derrn and its derivatives. Subsequently the ventral plate and 
its derivatives grow so as to form the ventral part and 
the internal organs of the Insect, the dorsal part being com¬ 
pleted much later by growths that differ much in different 
Insects; Graber, who has sj)ecially investigated this matter, 
informing us ^ that an astonishing multifariousness is displayed. 
It would appear that the various modes of this development 
do not coincide with the divisions into Orders and Families 
adopted by any systematists. 

We should o])serve that tlie terms ectoderm, mesoderm, and 
endoderm will proljably be no longer applied to the layers of the 
embryo when embryologists shall have decided as to the nature 
of the derived layers, and shall have agreed as to names for 
them. According to the nomenclature of Gral>er^ the blasto¬ 
derm differentiates into Ectoblast and Endoblast; this latter 
undergoing a further differentiation into Coeloblast and Myoblast. 
This talented embryologist gives the following table of the 
relations of the embryonic layers and their nomenclature, the 
first term of each group being the one lie proposed to use:— 


Protoblast.<: 


/Perililast^ 

(Epi blast, 
blastoderm). 

"Centroblast 
(Yolk-cells, hypo¬ 
blast, endoderm 
ill part of Bal¬ 
four). 


-Ectobla.st 
(Ectoderm, outer 
layer). 


"Endoblast 
or HypoblastJ" 
inner layer. 

(Mesoblast of Bal¬ 
four.) 

Mesoderm and endo¬ 
derm. 



Part of yolk cells. 

Coeloblast 

(Endoderm in nar¬ 
rower sense). 

Danndrilsenblatt, 

‘Myoblast (Meso¬ 
derm of most 
authors). Danti’ 
muskelUatL 


Nussbaum considers that "Hhere are four layers in the cock- 
roach-embryo, viz. (1) epihlasty from which the integument and 
nervous system are developed; (2) somatic layer of mesoblasty 
mainly converted into the muscles of the body-wall; (3) splanchnic 
layer of mesoblasty yielding the muscular coat of the alimentary 
canal; and (4) hypoblasty yielding the epithelium of the mesen- 
teron.” 

Turning our attention to the origin of the segmentation, that 
is so marked a feature of Insect structure, we find that evidence 

' Denk, Ak» WitUy Iv. 1888, p. 109, etc. * Morj^K, Jahrb, xiv. 1888, p. 347. 

^ In Miall and Denny, Cockroacky p. 188* 
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of division or arrangement of the body into segments appears 
very early, as shown in our Figure of some of the early stages 
of development of Lina (a beetle), Fig. 81. In A the segmen¬ 
tation of the ectoderm has not commenced, but the procephalic 
lobes (P C) are seen; in B the three head segments are distinct, 
while in C the thoracic segmentation has occurred, and that 
of the abdomen has commenced. Graber considers that in this 
species the abdomen consists of ten segmental lobes, and a 
terminal piece or telson. According to Graber^ this is not a 
primitive condition, but is preceded by a division into three or 



C 


Fig. 81.—Early stages of the segmentation of a beetle {Lina ): A, segmentation not visible, 
1 day ; B, segmentation of head visible ; C, segmentation still more advanced, 
days ; PC, procephalic lobes ; g^y segments bearing appendages of tlie heati ; 
thy thorax ; lA*, ih?y segments of the thorax ; a®, anterior abdominal. 


four parts, corresponding with the divisions that will afterwards 
be head, thorax, and abdomen. This primary segmentation, he 
says, takes place in the Hypoblast (Endoderm) layer of the ventral 
plate; this layer being, in an early stage of the development of 
a common grasshopper [Stenohothrus variahilis), divided intp 
four sections, two of which go to form the head, while the others 
become thorax and abdomen respectively. In Lina the primary 
segmentation is, Graber says, into three instead of four parts. 
Graber’s opinion on the primary segmentation does not appear 
to be generally accepted, and Wheeler, who has studied* the 
* Morph. Jahrh. xiv, 1888, p. 345. ® J, Marphol. viii. 1898, p. 1. 
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embryology of another Orthopteron, considers it will prove 
to be incorrect. When the secondary segmentation occurs the 
anterior of the two cephalic divisions remains intact, while the 
second divides into the three parts that afterwards bear the 
mouth parts as appendages. The thoracic mass subsequently 
segments into three parts, and still later the hind part of the 
ventral plate undergoes a similar differentiation so as to form the 
abdominal segments; what the exact number of these may be 
is, however, by no means easy to decide, the division being but 
vague, especially posteriorly, and not occurring all at once, but 
progressing from before ba(.‘kwards. 

The investigations that have been made in reference to the 
segmentation of the ventral plate do not at present justify us 
in asserting that all Insects are formed from the same number 
of embryonic segments. The matter is summarised by Lowne, to 
the effect that posterior to the procephalic lobes there are three 
head segments and three thoracic segments, and a number of 
abdominal segments, rarely less than nine or more than eleven.” 
It will be seen by referring to Figure 81 that the segmentation 
appears, not simultaneously, but 
progressively from the head back- ^ 

wards; this of course greatly in- 

creases the diftunilty of determin- ^ 

ing by means of a section the real 

The later stages in the develop- S 
ment of Insects are already proved 
to be so various that it would l>e 
impossible to attempt to follow 

them in detiiil; but in Fig. 82 ^ 

we represent a median section tfi* ch? 

of the embryo of Zygacna Jilipen- Fro. 82.—Embryo of a moth (Zygoma) 
dula&t the fifth day. It shows 

well some of the more important stomodaeum ; procto- 

of the general features of the de- orheLd 

velopment at a stage subsequent to appendages of the thoracic segnmnts ; 

.. .L 1 • X'.* A -r» abdominal segments; s.(/, sail- 

those represented in .r ig. 81, A, B, vary gland. 

C. The very distinct stomodaeum 

(pt) and pr(X'.todaeum (jyr) are seen as inflexions of the external 
wall of the body; the segmentation and the development of the 
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ventral parts of the embryo are well advanced, while the dorsal 
part of the embryo is still quite incomplete. 

The method of investigation by which embryologists chiefly 
carry on their researches is that of dividing the egg after 
proper preparation, into a large number of thin sections, which 
are afterwards examined in detail, so as to allow the arrange¬ 
ment to be completely inferred and described. Valuable as this 
method is, it is nevertheless clear that it should, if possible, 
be supplemented by direct observation of the processes as they 
take place in the living egg: this method was formerly used, 
and by its aid we may still hope to obtain exact knowledge 
as to the arrangements and rearrangements of particles by 
which the structures develop. Such questions as whether the 
whole formative power in the egg is absolutely confined to 
one or two small centres to which the whole of the other egg 
contents are merely, as it were, passive accessories, or whether an 
egg is a combination in which some portion of the powers of 
rearrangement is possessed by other particles, as well as the 
chromosomes, in virtue of their own nature or of their position 
at an early period in the whole, can scarcely be settled without 
the aid of direct observation of the processes during life. 

The importance of the yolk is recognised by most of the 
recent writers. Nussbaum states {loc. cit.) that “ saittered yolk- 
cells associate themselves with the inesoblast cells, so that the 
constituents of the inesoblast have a twofold origin.” Wheeler 
finds ^ that amoeboid cells — he styles them vitellophags — 
traverse the yolk and assist in its rearrangement; he insists on 
the importance both as regards quantity and quality of the yolk. 

The eggs of some insects are fairly transparent, and the 
process of development in them can, to a certain extent, be 
observed by simple inspection with the microscope; a method 
that was used by Weismann in his observations on the embry¬ 
ology of Chironomus. There is a moth {Limacodes testudo), that 
has no objection to depositing its eggs on glass microscope-slides; 
These eggs are about a millimetre long, somewhat more than half 
that width, are very flat, and the egg-shell or chorion is very thin 
&nd perfectly transparent. When first laid the contents of this 
egg appear nearly homogeneous and evenly distributed, a finely 
granular appearance being presented throughout; but in twenty- 
^ J, Morphol* viii. 1893, pp. 64, 65, and 81. 




V 


EMBRYOLOGY 


153 


four hours a great change is found to have taken j)hice. The 
whole superficial contents of the egg are at that time arranged in 
groups, having the appearance of separate rounded or oval masses, 
pressed together so as to destroy much of their globular symmetry. 
The egg contents are also divided into very distinct forms, a 
granular matter, and a large number of transparent globules, 
these latter being the fatty p(3rtion of the yolk; these are present 
everywhere, though in the centre there is a space where they are 
very scanty, and they also do not extend quite to tlie circum¬ 
ference. But the most remarkable change that has taken place 
is the api)earance in the middle of the field of an area different 
from tile rest in several particulars; it 
occupies about one-tliird of tlie width 
and one-tliird of the lengtli; it has a 
wliiter and more o})a<|iie api>earance, 
and the fat globules in it are fewer in 
number and more indistinct. Tliis 

area is afterwards seen to i>c (Kicupied 
by the developing embryo, the outlines 
of wliich become gradually more dis¬ 
tinct. Fig. gives an idea of the 
ajipe^irance of the egg about the middle 
jieriod of the development. In warm 
weather the larva emerges from this 
egg ten or eleven days after it has 
been deposited. 

Tlie jx^riod occupied by the develop¬ 
ment of the embryo is very different in tlie deveioinnent of the em- 
the various kinds of Insects; the blowfly refilling 
embryo is fully develojied in less than 

twenty-four hours, while in some of the Orthoptera the embryonic 
stage may be prolonged through several months. According to 
Woodworth the blastoderm in Vtmesm antiopa is complete in 
twenty-four hours after the deposition of the egg, and the 
involution of the ventral plate is accomplished within three days 
of deposition. 

Metamorphosis. 

The ontogeny, or life history of the individual, of Insects is 
peculiar, inasmuch as a very large part of the development takes 
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place only late in life and after growth has been completed. Insects 
leave the egg in a certain form, and in that condition they con¬ 
tinue—with, however, a greater or less amount of change according 
to kind—till growth is completed, when, in many cases, a very great 
change of form takes place. Post-embryonic development, or 
change of form of this kind, is called metamorphosis. It is not a 
phenomenon peculiar to Insects, but exists to a greater or less 
extent in other groups of the Metazoa; while simpler post- 
embryonic development occurs in nearly all, as in scarcely any 
complex animals are all the organs completely formed at the time 
the individual becomes possessed of a separate existence. In 
many animals other than Insects the post-embryonic development 
assumes most remarkable and complex forms, though there are 
perhaps none in which the phenomenon is very similar to the 
metamorphosis of Insects. The essential features of metamor¬ 
phosis, as exhibited in the great class we are writing of, appear 
to be the separation in time of growth and development, and the 
limitation of the reproductive processes to fi short period at the 
end of the individual life. The peculiar phenomena of the post- 
embryonic development of the white ants show that there exists 
some remarkable correlation between the condition of the repro¬ 
ductive organs and the development of the other parts of the 
organisation. If we take it that the post-embryonic physio¬ 
logical processes of any individual Insect are of three kinds, 
—^growth, development, and reproduction,—then we may Siiy 
that in the higher Insects these three processes are almost 
completely separated, and go on consecutively, the order being,— 
first, growth ; second, development; third, reproduction. While, 
if we complete the view by including the processes comprised in 
the formation of the egg and the development therein, the series 
will be—(1) oogenesis, or egg-growth ; (2) development (embry¬ 
onic); (?.) growth (post - embryonic); (4) development (post- 
embryonic) ; (5) reproduction. 

The metamorphosis of Insects is one of the most interesting- 
parts of entomology. It is, however, as yet very little known 
from a scientific ix)int of view, although the simpler of its 
external characters have for many ages past attracted the 
attention and elicited the admiration of lovers of nature. It 
may seem incorrect to say that little is yet known scientifically 
of a phenomenon concerning which references almost innumer- 
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able are to be found in literature: nevertheless the observations 
that have been made as to metamorphosis, and the analysis that 
has been commenced of the facts are at present little more than 
sufficient to show us how vast and complex is the subject, and 
how great are the difficulties it presents. 

There are three great fields of inquiry in regard to meta¬ 
morphosis, viz. (1) the external form at the different stages; 
(2) the internal organs and their changes; (3) the physiological 
processes. Of these only the first has yet received any extensive 
attention, though it is the third that precedes or underlies the 
other two, and is the most important. We will say a few words 
about each of these departments of the inquiry. Taking first 
the external form—the instar. But before turning to this we 
must point out that in limiting the inquiry to the post-embryonic 
development, we are making one of those limitations that give rise 
to much misconception, though they are necessary for the acquisi¬ 
tion of knowledge as to any complex set of phenomena. If we 
assume five well-marked stages as constituting the life of an Insect 
with extreme metamorphosis, viz. (1) the formation and growth of 
the egg; (2) the changes in the egg culminating in its hatching 
after fertilisjition; (3) tlie period of growth; (4) the pupal 
changes ; (5) the life of the jierfect Insect; and if we limit our 
incpiiry about development to the latter three, we are then 
shutting out of view a great preliminary question, viz. whether 
some Insects le^ive the egg in a different stage of development to 
others, and we are consequently exposing ourselves to the risk 
of forgetting that some of the distinctions we observe in the 
subsequent metamorphosis may be consequential on differences in 
the embryonic development. 

Instar and Stadium. 

Figs. 84 and 85 represent corresponding stages in the life 
of two different Insects, Fig. 84 showing a locust {Acridiuvi), 
and Fig. 85 a white butterfly. In each A represents the 
newly-hatched individual; B, the insect just before its perfect 
state; C, the perfect or imago stage. On comparing the two sets 
of figures we see that the C stages correspond pretty well as 
regards the most important features (the position of the wings 
being unimportant), that the A stages are moderately different. 



156 


METAMORPHOSIS 


CHAP. 


while the B states are not to be recognised as equivalent condi¬ 
tions. 

Every Insect after leaving the egg undergoes during the 
process of growth castings of the skin, each of which is called 





Fio. 84. — Locust 
(Acridium per- 
eyrinum) : A, 
newly hatched; 
B, just ante¬ 
cedent to last 
eedysis; C, per¬ 
fect Insect. 


a moult or eedysis. Taking for our present purpose five as the 
numlier of eedyses undergone by both tlie locust and butterlly, 
we may express the differences in the successions of cliunge we 
portray in Figa 84 and 85 by saying that previous to the 



Fig. 85.—Butterfly (Pieris)i 

A, the newly hatched 
young, or larva magnified; 

B, ])upa (natural size) just 
antecedent to last eedysis; 

C, perfect Insect. 


first eedysis the two Insects are moderately dissimilar, that the 
locust undergoes a moderate change before reaching the fifth 
eedysis, and undergoes another moderate change at this moult, thus 
reaching its perfect condition by a slight, rather gradual series of 
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alterations of form. On the other hand, the butterfly under¬ 
goes but little modification, remaining much in the condition 
shown by A, Fig. 85, till the fourth, or penultimate, ecdysis, 
but then suffers a complete change of form and condition, which 
apparently is only inferior to another astonishing change that 
takes place at the fifth or final moult. The chief, though by no 
means the only, difference between the two series consists in the 
fact that the butterfly has interposed between the penultimate 
and the final ecdyses a completely quiescent helpless condition, in 
which it is deprived of external organs of sense, locomotion, and 
nutrition; while in the locust there is no loss of these organs, and 
such quiescent jieriod as exists is confined to a short j)eriod just 
fit the fifth ecdysis. The changes exhibited by the butterfly are 
called complete metamorphosis,’* while this phenomenon in the 
hx^ust is said to be ‘'incomplete.” The Insect with complete 
metamorphosis is in its early stage called a larva, and in the 
quiescent state a pupa. The adult state in both butterfly and 
l(x:ust is kiKJwn as imago or perfect Insect. 

The most conspicuous of the differences between Insects with 
complete and those with incomplete metamorphosis is, as we 
liave remarked, the existence in the former of a pupa. Tlie 
l)upal state is by no means similar in all the Insects that 
possess it. The most anomalous conditions in regard to 
it o(icur in the Order Neuroptera. In some meml)ers of 
that Order—the Caddis-flies for instance—the pupa is at first 
([uiescent, but l)ecomes active before the last ecdysis; while in 
another division—the May-flies—the last ecdysis is not preceded 
by a formed l)upa, nor is there even a distinct pupal i>eriod, but 
the iKumltimate ecdysis is iiccompanied by a change of form to 
tlie winged condition, the final ecdysis l)eing merely a casting of 
the skin after the winged state has l)een assumed. In the 
Odonnta or Dragon-flies there is no pupal stage, but the change 
of form occurring at the last ecdysis is very great. In those 
Insects where the interval Ixjtween the last two moults is not 
.'iccompanied l)y the creature’s passing into a definite, quiescent 
pupa, the individual is frequently called then a nymph; Imt the 
term nymph has merely a distinctive meaning, and is not capible 
of accurate definition, owing to the TOriety of diflerent conditions 
covered by the word. Eaton, in describing this term as it is used 
for Ephemeridiu, says, " Nymphs are young which lead an 
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active life, quitting the egg at a tolerably advanced stage of 
morphological development, and having the mouth-parts formed 
after the same main type of construction as those of the adult 
insect.” ^ 

The intervals between the ecdyses are called stadia, the first 
stadium being the period between hatching and the first ecdysis. 
Unfortunately no term is in general use to express the form of 
the Insect at the various stadia; entomologists say, “ the form 
assumed at the first moult,” and so on. To avoid this circum¬ 
locution it may be well to adopt a term suggested by Fischer,*^ 
and call the Insect as it appears at hatching the first instar, 
what it is as it emerges from the first ecdysis the second iiistar, 
and so on; in that case the pupa of a Lepidopteron that assumed 
that condition at the fifth ecdysis would be the sixth instar, and 
the butterfly itself would be the seventh instar. 

Various terms are used to express the differences that exist in 
the metamorphoses of Insects, and fis these terms refer chiefly to 
the changes in the outer form, we will here mention them. As 
already stated, the Icxjust is, in our own language, said to have an 
incomplete metamorphosis, the butterfly a complete one. The 
term Holometabola has teen proposed for Insects with comjflete 
metamorphosis, while the appellations Araetabola, Hemimetabola, 
Heterornetabola, and Paurometabola have been invented for 
the various forms of incomplete, or rather less complex, meta¬ 
morphosis. Some writers use the term Ametabola for Insects 
that are supposed to exhibit no change of external form after 
quitting the egg, the contrasted series of all other Insects being 
then called Metabola. Westwo<xl and others use the word 
Homomorpha for Insects in which the condition on hatching 
more or less resembles that attained at the close of the develop¬ 
ment, and Heteromorpha for those in which the form on 
emergence from the egg differs much from what it ultimately 
becomes. 

Hypermetamorphosis. 

There are certain unusual changes to which the term 
hypermetamorphosis has been applied; these we can here only 
briefly allude to. 

^ Trans, Linn. Soc., 2nd Series, “Zool.” 1888, iii. p. 12. 

* OrthopUra twropata^ 1863, p. 87. 
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Insects that have complete metamorphoses, and are not 
supplied with food by their parents or guardians, are provided 
during their larval life with special modifications of extremely 
various kinds to fit them for the j^eriod of life during which they 
are obtaining food and growing. Thus caterpillars possess numer¬ 
ous adaptations to fit them for the period during which they 
live on leaves, while maggots have modifications enabling them to 
live amongst decomposing flesh. Some larvae are greatly modified 
in this adaptive way, and when the adaptations change greatly 
during the life of the larva, hypermetamorphosis is said to exist. 
As an instance we may mention some beetle larvae that are born 
with legs by whose aid they can cling to a bee, and so get 


Fig. 86.—Prepara¬ 
tory stages of 
Sitaris hu7ner- 
alis : 9, 10, 11, 

12, first, second, 
third, and fourth 
larval iustars; 

13, pupa. (After 
Lubbock and 
Fahre.) 


carried to its nest, where they will in future live on the stores 
of food tlie bee provides for its own young. In order that they 
may be accommodated to their totally different second circum¬ 
stances, they change their first form, losing their legs, and lie- 
coming almost bladder-like creatures, fitted for floating on the 
honey without lieing injured by it. Such an occurrence has 
been described by Fabre ^ in the case of Sitaris Juimeralis, and 
his figures have been reproduced in Sir John Lubbock's book on 
the metamorphoses of Insects,^ as well as in other works, yet they 
are of so much interest that we give them again, especially as the 
subject is still only in its infancy; we at present see no sufficient 
reason for the later of these larval states. Little is, we believe, 
known as to the internal anatomy of the various instars in these 
curious cases. 

' Ann, Sci, Nat, Zool, Ser. iv. vol. vii. 1867, pi. 17. 



• Nature Series, 1874. 






l6o METAMORPHOSIS chap. 

There are certain minute Hymenoptera that deposit their 
eggs inside the eggs of other Insects, where the beings hatched 
from the parasitic eggs subsequently undergo their development 
and growth, finding their sustenance in the yolk or embryo con¬ 
tained in the host-egg. It is evident that such a life is very 
anomalous as regards botli food and the conditions for respira¬ 
tion, and we consequently find that these tiny egg-parasites go 
through a series of changes of form of a most remarkable 
character.' It would apj)ear that in these eases the embryonic 
and post-embryonic developments are not separated in the same 
way as they are in other Insects. We are not aware that any 
term has yet been proposed for this very curious kind of Insect 
development, which, as pointed out by Brauer,^ is doubtless of a 
different nature from the hypermetamorphosis of Sitaris, 

Changes in Internal Organs. 

In relation to the post-embryonic development of tlie internal 
organs of the body there is but little exact generalisation to be 
made, the anatomical condition of these organs at the time of 
emergence from the egg having been ascertained in but few 
Insects. We know that in Holometabolous Insects the internal 
anatomy differs profoundly in the larval and imaginal instars. 
As to Insects with more imx)erfect metamorphosis very little 
information exists, Vjut it appears probable that in many no ex¬ 
tensive distinctions exist between the newly-hatclied and the 
adult forms, except in the condition of tlie rei^roductive organs. 
Differences of minor importance doubtless exist, but there is 
almost no information as to their extent, or as to the periods at 
which the clianges occur; so that we do not know to what 
extent they may }je concentrated at the final ecdysis. In Insects 
with perfect metamorjdiosis the structures of the internal organs 
are, as we have said, in many cases totally different in the larval 
tind imaginal j>eriods of tlie life; but these changes are far from 
being uniform in all Holometabola. The nervous system in 
^sorne cases undergcxjs a great concentration of the ganglia, in 
others does not, and important distinctions exist in this resjiect 
even within the limits of a single Order, such as the Coleoptera. 

* Sec Proctotrupidae subsequently. 

^ Kerh. 2^ooL-bvf.. Ocs, IFten, xix. 1869, p. 889. 
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Some Insects take the same kind of food throughout their lives, 
but many others change totally in this respect, and their organs 
for the prehension and digestion of food undergo a corre¬ 
sponding change. Butterflies suck food in the form of liquid 
juices from flowers by means of a delicate and long proboscis, 
while the young ])utterfly—the caterpillar—disdains sweets, 
and consumes, by the assistance of powerful mandibles, a great 
bulk of leaves. Otlier Holometabola undergo no such total change 
of habits; the tiger-beetle, for instance, is as ferocious a con¬ 
sumer of the juices of Insects in its young stage as it is in the 
adult condition. Hence Brauer ^ divides Insects, as regards this 
point, into three categories. The forms in which both the young 
and adult take food by suction he calls Menorhyncha; thosti in 
wliicli ])oth tlie imago and immature forms feed by mandibles he 
calls Menognatha ; while his Metagnatha consists of those insects 
that take food by jaws when young, but by suction with tubular 
mouths when mature; Besides these main divisions there are 
some exceptional ciises to which we need not here allude, our 
present olyect being to indicate that in the Metagnatha the 
digestive organs are of a very different nature in the young and 
in the adult states of existence. 

The internal organs for the continuance of the species are 
known to be present in a rudimentary stage in the embryo, and 
it is a rule tliat they do not attain their full development until 
growth has been completed; to this rule there may possibly be 
an exception in the case of the Aptera. But little information 
of a comparative character exists as to the doi'sal vessel and the 
changes it uiulergcH^s during metamorphosis. There is con¬ 
siderable difliculty in connexion with the examination of this 
structure, but it appears probable that it is one of the organs 
that changes the least during the process of metamorphosis. 

The exact nature of the internal changes that occur during 
metamorphosis is almost a modern subject. It is of course a 
matter of great difliculty to observe and record changes that go 
on in the interior of such small creatures as Insects, and when 
the phenomena occur with great rapidity, as is frequently the 
case in Insect metamorphosis, the difficulty is much inereiised. 
Nevertheless the subject is of such great interest that it has been 
investigated with a skill and i)erseverance that call for the 
^ ‘*Sy8t Zool. stud.” SB, Ak. Wien, Abtb. 1, xci. 1885, p. 291, 
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highest admiration. The greater part of the information ob¬ 
tained refers to a single Insect, the blowfly; and amongst those 
who have made important contributions to it we may mention 
Weismanii,^ Viallanes,^ Ganiii,^ and Van liees,'* and it is at pre¬ 
sent under investigation by Lowne. A good deal, too, is becoming 
known about the processes in the case of the silkworm. 

Integument and Ecdysis. 

The integument consists of a cellular layer, usually called the 
hypoderniis, situated on a basement membrane. The hypo- 
dermis, or layer of cliitinogenous cells, excretes a matter whicli 
remains attached to the body, forming the hard outer layer of the 
skin. This layer consists of chitin and has no vitality, but 
its presence no doubt exerts a very important influence on the 
physiological processes of the Insect. The cliitinoiis investment 
varies much in thickness and in other properties; in some 
Insects it is hard, even glassy, so as to be diflicult to pierce with 
a pin, in others it is pliable, and in some very delicate. Chitin 
is a substance very diflicult to investigate; according to the 
recent researches of Krawkow ® it may prove to be of somewhat 
variable chemical composition. 

After a time the hypodermis excretes a fresh supply of 
chitin, and, possibly by the commencement of this process, the 
older chitinous investment becomes separated and is shed. The 
details have, however, not been ascertained, though their import¬ 
ance has been suggested by Hatchett Jackson.® The newly 
exposed layer of integument is pallid, but afterwards becomes 
coloured in a manner varying according to the species, the process 
being possibly due to some secondary exudation permeating the 
freshly exposed chitin, or modifying some part of its exterior. 

Lowne informs us that in .the imago of the blowfly the great 
majority of the hypodermic cells themselves enter into the com¬ 
position of the chitinous integument; and it is perhaps not, a 
matter for surprise tliat the cells should die on the completion of 
their functional activity, and should form a part of the chitinous 

^ Zeitachr, wisa. Zool, xiv. 1864, p. 187. 

* Viallaiies, Ann, Sci, Nat,, Series 6, “Zool.” xiv. 1882. 

* Unfortunately in the Russian language. * Zool. Jahrh, Abth. Anat. iii. 1888, p. 1. 

® Zeitsr.hr, Biol,, xxix. 1892, p. 177. 

• Tram, Linn. Soc. London, ** Zoology,** 2nd series, v. 1890, p, 174. 
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investment. Some writers say tliat the chitinous layer may be 
shown to be covered by a delicate extima or outer coat. 

The number of ecdyses varies greatly in Insects, but has been 
definitely ascertained in only a few forms outside the Order 
Lepidoptera. In Campodea Grassi says there is a single frag¬ 
mentary moult, and in many Hymenoptera the skin that is cast 
is extremely delicate, and the process perhaps only cxxiurs twice 
or three times previous to the pupal stage. In most Insects, 
however, ecdysis is a much more important affair, and the whole 
of the chitinous integument is cast off entire, even the linings of 
the tracheae, and of the alimentary canal and its adjuncts being 
parted with. Sir John Lubbock observed twenty-three moults 
in a May-fly of the genus Cloeon} tliis being the maximum yet 
recorded, though Sommer states^ that in Macrotoma plumbea 
moulting goes on as long as life lasts, even after the Insect has 
attained its full size. 

Some Insec^ts get quit of a considerable quantity of matter by 
their ecdyses, while in others the amount is comparatively slight. 
It has been thought that the moulting is effected in order to 
permit of increase of size of the Insect, but there are facts which 
point to the conclusion that this is only a factor of secondary 
importance in the matter. One of these is that many Insects 
make their first ecdysis almost immediately after they leave the 
egg; this is the case with the young larva of the blowfly, which, 
according to Lowne, moults within two hours of its emergence 
from the egg. We have already referred to the important sug¬ 
gestion made by Eisig ^ that, since chitin is a nitrogenous sub¬ 
stance, the ecdyses may be a meiins of getting rid of waste 
nitrogenous matter; to which we have added that as chitin also 
consists largely of carbon, its excretion may be of importance 
in separating carbonaceous products from the blood. 


Metamorphosis of Blowfly. 

The phenomena of metamorphosis are displayed to their 
greatest extent in the transformations and physiological processes 
of the Muscid Diptera, of which the common blowfly is an 


^ Trans, Linn, Soc, xxv. 1866, p. 491. * ZeUschr, v'iss, Zoci. xli. 1886, p. 712. 

* ** Fauna und Flora d, Qolfes von Neapel,’* CapiUlliden^ 1887, p. 781. 



METAMORPHOSIS 


CHAP,. 


164 

example. We will briefly consider the information that has been 
obtained on this subject. 

The development of the embryo in the egg of the blowfly is 
unusually rapid, occupying only a period of twenty to twenty- 
four hours. After its first moult the blowfly larva grows rapidly 
during a period of about ten to fourteen days, during which it 
undergoes moults, the number of which appears not to be 
definitely ascertained. After becoming full-fed the larva loses 
its active state, and passes for a period into a condition of com¬ 
parative quiescence, being spoken of in this state as a resting 
larva. This quiet period occurs in most full-grown larvae, and 
is remarkable for the great variation that may occur in its 
duration, it being in many Insects subject to prolongation for 
months, in some cases possibly even for years, thougli in favour¬ 
able circumstances it may be very short. Lowne informs us that 
in the blowfly this period of the life is oc*c*upied by very great 
changes in the internal organs, which are undergoing very exten¬ 
sive processes of destruction and rebuilding. After some days 
the outer skin of the resting larva shrivels, and is detached from 
the internal living substances, round which it hardens and forms 
the sort of cocoon or capsule that is so well known. This 
using of the cast larval skin as a cocoon is, however, limited to 
certain of the two-winged flies, and perhaps a few other Insects, 
and so must be considered an exceptional condition. The capsule 
conceals from view a most remarkable state, known to the old 
naturalist R(5aumur as the " spheroidal condition,” but called by 
more recent writers the pronymph. The pronymphal state 
may be looked on as being to a great extent a return of the 
animal to the condition of an egg, the creature becoming an 
accumulation of soft creamy matter enclosed in a delicate skin. 
This spheroidal condition, however, really begins in the resting 
larva, and Van Rees and others think that the delicate membrane 
enclosing the substance of the pronymph is really the hypodermis 
of the integument of the larva. Although this seems probable, 
from the resemblance this condition would in that case present 
to the phenomena usual in ecdysis, it is not generally admitted, 
and there is much difficulty in settling the point. Lowne is of 
a contrary opinion, looking on the limiting membrane as a sub¬ 
sequent formation; he calls it the paraderm. The process of 
forming the various organs goes on in the pronymph, till the 
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“nymph” has completed its development, the creature having 
then again taken on a definite form which apparently corre¬ 
sponds to the pupa of Hymenoptera. Great doubt, however, 
exists as to this equivalence, and indeed as to any exact corre¬ 
spondence between the metamorphic stadia of different Insects, 
a view which long since was expressed by Sir John Lubbock ^ 
and Packard. The term nymph is used in this case not because 
there is any resemblance to the condition similarly named in 
Insects with less complete metamorphosis, but because the term 
pupa is applied to the outer case together with the contained 
nymph. The transformation of the nymph into the perfect blow- 
tty occupies a period very variable according to the temperature. 

Histolysis. —The processes l)y which the internal organs of 
the maggot are converted into those of the fly are of two kinds, 
—histolysis or breaking down, histogenesis or building up, of 
tissue. The intermediary agents in histolysis are phagocytes, 
cells similar to tlie leucocytes or white cori)uscles of the blood: 
the intermediary agents in histogenesis are portions of tissue 
existing in the larval state incorporated with the different organs, 
or preserving a connexion therewith even when they are to a 
great extent separated therefrom. In this latter case they are 
called imaginal discs, though Professor Miall prefei*s to term them 
imaginal folds.^ The two processes of histolysis and histogenesis, 
though to some extent mutually dependent (for the material to be 
l)uilt up Inus to l)e largely obtained by previous destruction), do not 
go on though they are to a great extent contemporaneous. 

In the resting larva histolysis is predominant, while in the nymph 
histogenesis is more extensive. Microscopic observation shows 
that the phenomena connected with the histolysis of the mus¬ 
cular tissue are saircely distinguishable from those of an inflam¬ 
matory process, and Viallanes ^ dilates on this fact in an instruc¬ 
tive manner. The phagocytes attach themselves to, or enter, the 
tissues which are to be disintegrated, and becoming distended, 
assume a granular api>eAirance. By this pseudo-inflammatory pro¬ 
cess the larval structures are broken down into a creamy substance; 
the buds, or germs, from which the new organs are to be devel¬ 
oped being exempt from the destruction. These buds, of which 
about sixty or upwards have already been detected, undergo 

' Trans, Linn, Soc, xxiv. 1863, p. 65. * Trans, Linn, Soc, **Zool.*’ v. 1892, p. 267. 

^ Ann, Sci, NiU,y Scries 6, “Zool.” xiv, 1882, p. 150, 
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growth as they are liberated, and so the new creature is formed, 
the process of growth in certain parts going on while destruc¬ 
tion is being accomplished in others. Con8idera})le discrepancy 
prevails as to the extent to which the disintegration of some 
of the tissues is carried. 

According to Kowalevsky^ it would appear that after the 
phagocytes have become loaded with granules tliey serve as 
nutriment for the growing tissues, and he thinks they become 
blood-cells in the imago. The process of liistolysis lias been 



Fia. 87.—Imaginal discs of Musddae in process of (U?velopment: A, Brain and 
ventral ganglion of a larva 7 mm. long of M, vvmiUrria ; ventral ganglion; 
c, cephalic ganglion; A, head rudiment; re, jwtion of ventral chain; pd^ 
prothoracic rudiment; vcj, third nerve; md^ mesothoracic rudiment: B, ineso- 
thoracic rudiment, more advanced, in a pupa just formed of ^iarcopJuuja curruiHa^ 
showing the base of the Rterinim an<i folds of the forming leg, the central part (/) 
representing the foot; C, the rudimentary leg of tliesaine more advanced femur; 
f, tibia ; /j, tarsal joints : D, two discs from a larva 20 mm. long of Sarcophaga^ 
attache*! to tracheae ; mair, mesonotal ami wing-rudiment; mU metathoracic nidi- 
ment; £, r, mesothoracic rudiment of a 7 mm. long larva attached to a tracheal 
twig. (After Weismann and Graber.) 

chiefly studied in the blowfly, and not much is known of it in 
other Insects, yet it occurs to a considerable extent, according ,to 
Bugnion^ and others, in the metamorphosis of Lepidoptera. 
Indeed it would almost seem that the processes of histolysis 
and histogenesis may be looked on as exaggerated forms of the 
phenomena of the ordinary life of tissues, due to greater rapidity 
and discontinuity of tissue nutrition. 

* Zodl, Anz, viii. 1885, p. 125. * Mitt, Schweiz, e^U, Ges. viii. 1893, p. 403. 
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Ixnaginal Discs. —The imaginal discs are portions of the 
larval hypoderm, detached from continuity with the main body 
of the integument, but connected therewith by strings or pedicels 
which may be looked on as portions of the basement membrane. 
Whether these discs, or histoblasts as they are called by Klinckel 
d'Herculais,^ are distinguished by any important (*haracter from 
other buds or j)ortions of regenerative tissue that, according to 
Kowalevsky,^ Korschelt and Heider,® and others, exist in other 
parts of the body, does not aijjxjar to be at present ascertained. 

We give some figures, taken from Weismann and Graber, of 
the imaginal rudiments existing in the 
larvae of Mvsiddae. Although by no means 
good, they are the best for our purpose 
we can offer to the reader. Other figures 
will be found in l^owne’s work on the 
blowfly now in course of publication. 

Weisrnann’s paper * is now thirty years old, 
and, when it was written, he \vas not aware 
of the intimate connexion the rudiments 
have with the integument; this has, how¬ 
ever, now been demonstrated ])y several 
observers. Pratt states ^ that the foriiiation 
of the imaginal discs in Melophmjus ovinus 
takes place in the later stages of the em¬ 
bryonic develo})nient, and after the manner 
formerly suggested by Balfour, viz. invagin¬ 
ation of the ectoderm. 

Both the regenerative buds and the 
rudimentary sexual glands are knowm to be 
derived directly from tlie embryo; neither 



of them undergoes any histolysis, so that Fio. 88.—Median longi- 

we have in them embryonic structures u^vrywo^lJ/during 

which exist in a quiescent condition during the process of histo- 

the period in wliich the larva is growing 

with great rapidity, and which when the 

larva has attained its full growth and is disintegrating, then 


^ lificherchru Org, des 1875, p. 143. 

* ZcUsc.hr, \riss, ZooL xlv. 1887, p. 587. 

* Lchihwch EntwicMungsgcschicJUe^ Spec. Theil. 1890, p. 875. 

* ZeUschr, wiss, ZooL xiv. 1864, p. 187. ^ Arch,/, Naturgcs. lix. 1893, 1, p. 168. 
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appropriate the products of the disintegration so as to produce 
the perfect fly. 

Our Fig. 88, taken from Graber, represents a longitudinal 
median section of a full-grown larva of Muscay in which the 
processes of metamorphosis are taking place. The position of 
some of the more important imaginal rudiments is shown by it: 

h^y b\ rudiments of the three pairs of legs of the imago; an, of 
antennae ; between an and tv, rudiment of eye ; w, of wings; h, of 
halteres; /, fat-body; d, middle of alimentary canal; n, ventral 
chain; st, stigma; 6, 7, sixbh and seventh body segments. 

Physiology of Metamorphosis. 

Many years ago, Harvey perceived the probable existence of 
a physiological continuity between the earlier and later stages 
of the Insect’s life. Modern investigation has shown that in tlie 
blowfly a remarkable analogy exists between the conditions of 
the pupa and the egg. The outer shell of the pupa corresponds 
to the chorion or egg-shell, and the delicate outer membrane of 
the pronymph to the oolemn or lining membrane of tlie egg; the 
creamy matter corresponds with the yolk, and the regenerative 
buds are analogous to tlie formative portions of the developing 
egg. The process of histolysis as carried out by the phagoc*ytes 
of the later life appears also to find a parallel in the vitellophags 
of the embryonic life.^ It appears probable that the pliysio- 
logical processes of the post-embryonic metamorphosis may be 
essentially a repetition—or an interrupted continuation—of 
those of the embryonic jx^riod. 

The inquiry as to what are the determining causes of the 
metamorphic changes of the blowfly and other Insects has as 
yet but little advanced. Why does the larva grow up to a 
certain period with great rapidity, then cease its appropriating 
power and break up the parts that have been so rapidly and 
recently formed ? And why do the imaginal buds remain 
quiescent till the other tissues are being disintegrated, and 
then, instead of sharing the general condition of disintegra¬ 
tion, commence a career of development ? To these questions no 
satisfcMjtory answer has yet been given, though the remarkable 
studies, already referred to, of Bataillon on the later larval life 
* Wheeler, in J, MorphoL viii, 1893, p. 81. 
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of the silkworm suggest the direction in which knowledge may 
be found, for they show that the physiological conditions of the 
later larval life are dilferent from those of the earlier life, possibly 
as the direct result of the mere aggregation of matter, and the 
conse(pient different relations of the parts of the organism to 
atmospheric and aqueous conditions. 

If we wish to understand metamorphosis, we must supplement 
the old opinion that ecdysis is merely an occurrence to facilitate 
expansion, l)y the more modern conception that it is also an 
important physiological process. That shedding the skin is done 
solely to permit of enlargement of size is a view rendered unten- 
a])le by many considerations. The integument can increase and 
stretcli to an enormous extent without the aid of moulting; wit¬ 
ness the queen-termite, and the lioney-bearers of the Myrmeco- 
cyst us ants. Many moults are made when increase of size does 
not demand them, and the shedding of the skin at the time of 
pupation is Jiccompanied by a decrease in size. And if moulting 
l)e merely connected with increase of size, it is impossible to see 
why Clocon sliould recpiire two dozen moults, w^hile Cainjyodea 
can do witli one, or why a collembolon should go on moulting 
during the period of life subsequent to the cess^ition of growth. 

The attention of entomologists has been chiefly directed to 
the eedyses connected with the disclosure of the pupal and 
iniaginal instars. Various imporUint transformations may, how¬ 
ever, occur previous to this, and wlien they do so it is always 
ill connexion witli eedyses. Caterpillars frequently assume a 
different appearance iiiid change their habits or character at a 
particular ecdysis; and in Orthojitera each ecdysis is accom¬ 
panied l)y a change of form of the thoracic segments; this 
change is very considerable at one of the intermediate eedyses. 

The assumption of the pupa state is the concomitant of an 
ecdysis, and so also is the ajipwance of the imago; but the 
commencement of e^ich of these two stages precedes the ecdysis, 
which is merely the outward mark of the jiliysiological processes. 
The ecdysis by which the pupa is revealed occurs after the 
completion of growth and when great changes in the internal 
organs have occurred and are still taking place; the ecdysis by 
which the imago appears comes after development has been quite 
or nearly completed. 

Although the existence of a pupa is to the eye the most 
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striking of the differences between Insects with perfect and those 
with imperfect metamorphosis, yet there is reason for supposing 
that the pupa and the pupal period are really of less importance 
than they at first sight appear to be. In Fig. 85 we showed 
how great is the difference in appearance between the pupa and 
the imago. The condition that precedes the appearance of the 
pupa is, however, really the period of the most important change. 
In Fig. 89 we represent the larva and pupa of a l)ee; it will be 
seen that the difference between the two forms is very great, 
while the further change that will be required to complete 
the perfect Insect is but slight. When the last skin of the 



A B C 

Fig. 89. —Larva and pupa of a bee, Xylftcopa violacea: larva; B, pupa, ventral 

aspect; G, pupa, dorsal aspect. (After Lucas.) 


larva of a bee or of a lieetle is thrown off, it is, in fiuit, the 
imago that is revealed; the form thus displayed, though colour¬ 
less and soft, is tliat of the perfect Insect; what remains to be 
done is a little shrinking of some parts and expansion of otiiers, 
the development of the colour, the hardening of certain parts. 
The colour appears quite gradually and in a regular course, 
the eyes being usually the first parts to darken. After the 
coloration is more or less perfected—according to the species 
—a delicate pellicle is shed or rubbed off, and the bee or beetle 
assumes its final form, though usually it does not become active 
till after a farther period of repose. 



CHAPTER VI 

CLASSIFICATION-THE NINE ORDERS OF INSECTS-THEIR CHARACTERS 

-PACKARD’S ARRANGEMENT-BRAUEU’S CLASSIFICATION- 

CLASSIFICATIONS BASED ON METAMORPHOSIS-SUPER-ORDERS 

-THE SUBDIVISIONS OF ORDERS. 

Classification. 

We have already alluded to the fact that Insects are the most 
numerous in species and individuals of all land animals: it is 
estimated that about 250,000 species have been already described 
and have had scientific names given to them, and it is considered 
that tliis is probaldy only about one-tenth of those tluit really 
exist. The classification in a comprehensible manner of such an 
enormous number of forms is, it will be readily understcxxl, a 
matter of great ditlicidty. Several methods or schemes have 
since the time of Linnaeus been devised for the puriK)se, but we 
shall not trouble the reader to consider them, because most of 
them have fallen into disuse and have only a historical interest. 
Even at i)restmt there exists, however, considerable diversity of 
opinion on the question of classification, due in jmrt to the fact 
that some naturalists take the structure of the perfect or adult 
Insect as the basis of their arrangement, while others prefer to 
treat the steps or pr(K*esses by which the structure is attained, as 
being of primary importance. To consider the relative values of 
these two methods would be beyond our scope, but as in practice 
a knowledge of the structures themselves must precede an inquiry 
as to the phases of development by which the structures are reached; 
and as this latter kind of knowledge has been obtained in the 
case of a comparatively small portion of the known forms,—the 
embryology and metamorphosis having been investigated in hut 
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few Insects,—it is clear that a classification on the basis of 
structure is the only one that can be at present of practical value. 
We shall therefore for the purposes of this work make use of an 
old and simple system, taking as of primary importance the nature 
of the organs of flight, and of the appendages for the introduction 
of food to the body by the perfect Insect. We do not attempt to 
disguise the fact that this method is open to most serious 
objections, but we believe that it is nevertheless at present the 
most simple and useful one, and is likely to remain such, at any 
rate as long as knowledge of development is in process of 
attainment. 

Orders. 

The great groups of Insects are called Orders, and of 
these we recognise nine, viz. (1) Aptera, (2) Orthoptera, (3) 
Neuroptera, (4) Hymenoptera, (5) Coleoptera, (6) Lepidoptera, 
(7) Diptera, (8) Thysjinoptera, (9) Hemiptera. These names are 
framed to represent the nature of the wings; and there is some 
advantage in having the Orders named in a uniform and descriptive 
manner. The system we adopt differs l)ut little from that 
proposed by Linnaeus.^ The great Swedish naturalist did not, 
however, recognise the Orders Orthoptera and Thysanoptera; and 
his order Aptera was very different from ours. 

These Orders may be l)riefly defined as follows,—the reader 
being asked to recall the fact tliat by a maiidibulate mouth we 
understand one in which the mandibles, or tlie maxillie, or 
both, are fitted for biting, crushing, or grasping food; while the 
term suctorial implies that some of the mouth parts are of a 
tubular form or are protrusible as a i)roboscis, which assists, or 
protects, a more minute and delicate sucking apparatus:— 

1. Aptera (d ^vithout, 7rT€/>ov a wing). Wingless ^ Insects; mouth mandibulate 

or very imperfectly suctorial. Metamorphosis very little. 

2. Orthoptera (6p66s straight, rmpov a wing). Four wings are present, the 

front pair being coriaceous (leather-like), usually smaller than the 
other pair, which are of more delicate texture, and contract in repose 
after the manner of a fan. Mouth mandibulate. Metamorphosis 
slight. 

3. Neuroptera {y^vpov nerve, wrepov a wing). Four wings of membranous 

* Syet, N(U, Ed, 12, ref. i. pars ii. p. 536 (by error, 356). 

^ It must not be supposed that all wingless Insects fall within the limits of this 
Order. 
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consistency, frequently with much network ; the front pair not much, 
if at all, harder than the other pair, the latter with but little or no 
fanlike action in closing. Mouth mandibulate. Metamorphosis 
variable, but rarely slight. 

4. Hymejwptera {vfirjv membrane, irrepov a wing). Four wings of membranous 
consistency ; the front pair larger than the hind, which are always 
small and do not fold up in repose. Mouth mandibulate, sometimes 
provided also with a tubular proboscis. Metamorphosis very great. 

6. Goleoptera {koX.^6^ sheath, irr^pov a wing). Four wings ; the upper pair 
shell-like in consistency, and forming cases which meet together 
over the back in an accurate line of union, so as to entirely lose a 
winglike appearance, and to conceal the delicate membranous hind 
pair. Mouth mandibulate. Metamorphosis great. 

6. Lepidoptera (A.c7rt5 scale, TTTcpov a wdng). Four large wings covered with 

scales. Mouth suctorial. Metamorphosis great. 

7. IHjdera (Sts double, TTTcpov a wing). Two membranous wings. Mouth 

suctorial, but varying greatly. Metamorphosis very great. 

8. Thysanoptpra (^ixravos fringe, Trrepov a wing). Four very narrow fringed 

wings. Mouth imperfectly suctorial. Metamorphosis slight. 

9. Heniiptera {ijpe half, irr^pov a wing). Four wings; the front pair either 

leather-like with more membranous apex, or entirely parchment-like 
or membranous. Mouth i)erfectly suctorial. Metamorphosis usually 
slight. 

We must again ask the reader to bear in mind that numerous 
exceptions exist to these, characters in most of the great Orders; 
for instance, wingless forms are not by any means rare in several 
of the Orders. 

llefore remarking further on this system we will briefly 
sketch two otlier arrangements of the Orders of Insects, for which 
we are indebted to Vackard and Brauer. 


Packard’s Classification. 

Packard has devoted much attention to the subject, and has 
published two or three successive schemes, of which the following 
is tlie niost recent: ^ the definitions are those of the author 
himself, but the information in brackets is given to institute a 
concordance with the system we adopt:— 

1. Thysanura, Wingless ; often w ith a spring (equivalent to our Aptera). 

2. Dermaptera. Front wings minute, elytra-like Forjiculidiu, a part of 

our Orthoptera), 

3. Orthoptera, Wings net-veined ; fore wings narrow^, hind wings folded 

(*= our Orthoptera after subtraction of Vemiaptera), 


^ American Naturalist^ zx. 1886, p. 808. 
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4. PlcUyptera, Four net-veined wings; mouth parts adapted for biting 

( = Termitidae and Mallophaga, parts of our NeuropUra), 

5. Odonata, Wings net-veined, equal ( ^ Odonata^ a division of our 

Neuropterct), 

6. Plectoptera, Wings net-veined, unequal { = Ephemeridae^ a part of our 

Neuroptera), 

7. Thysanoptera, Mouth beaklike but with palpi (= our Thymnoptera), 

8. Hemiptera, Mouth parts forming a beak for sucking. No jmlpi( = our 

Hemiptera), 

The above eight Orders form the group Ametabola, while the 
following eight constitute the Metabola : — 

9. Neuroptera, Wings net-veined ; metamorphosis complete (— a small part 

of our Neuroptera). 

10. Mecaptera, Wings long and narrow (fora small part of our Neuroptera; 

the Panorpatae of Brauer). 

11. TrichoptercL Wings not net-veined ( = our division of Neuroptera with 

the same name). 

12. Coleoptera. Fore wings sheathing the hinder ones ( = our Coleoptera), 

13. Siphonaptera. Wingles.s, parasitic. Flea ( = a division of 7hp^r7a). 

14. Diptera. One pair of wings ( = our Diptera after subtraction of 

Siphonaptera), 

15. Lepidoptera, Four wings (and body) scaled (= our Lejndoptera), 

16. Hymenoptera. Foui' clear wings; hinder pair small ; a tongue (==our 

Hymenoptera), 

Although this system of the Orders of Insects has some 
valuable features it is o\m\ to very serious objections, to which we 
can only briefly allude. The Order Hemiptera with its extensive 
divisions, Heteroptera, Homoptera, Coccidae, and Anoplura exhibit¬ 
ing great differences in structiu*e and considerable divergence in 
metamorphosis, is treated as only equivalent to the little group 
Panorpatae (scorpion-flies); these latter being considered a dis¬ 
tinct order, although they are not very different in structure or 
metamorphosis from the Orders he calls Neuroptera and Trichop- 
tera. The arrangement appears to l)e 8i)ecially designed with 
the view of making the Orders adopted in it fall into the two 
groups Ametabola and Metabola. The propriety of such a 
course is more than doubtful since very few of the Ametabola 
are really without metamorphosis, in the wide sense of that term, 
while the Metabola include Insects with various kinds of meta¬ 
morphosis. Indeed if we substitute for the term Ametabola the 
more correct expression, " Insects with little metamorphosis,'' and 
for Metabola the definition, “ Insects with more metamorphosis 
but of various kinds,” we then recognise that the arrangement 
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is, like all others, a quite artificial one, while it is of little 
value, owing to the development of so few Insects being hitherto 
fully ascertained. 


Brauer’s Glassification. 

Professor Brauer has recently proposed ^ to adopt 17 Orders 
or chief groups of Insects, arranging them as follows:— 

I. Apterygogenea (with one order). 

1. Synaptera Aptera of our system). 

IL Pterygogenea (= all the other Insects of onr arrangement). 

2. Dermaptera (= Ortkoptera^ Fani. Forjiculidae in our arrangement). 

3. Ephemei'idae (= a division of Neuroptera in our arrangement). 

4. Odonata ( = a division of Neuroptera in our arrangement). 

6. Plecoptera (= Neuroptera^ Fain. Perlidae in our arrangement). 

6. Orthoptera (= our Orthoptera - Forjiculidae and + Emhiidae). 

7. Corrodentia (~ the families Termitidae, Psocidae, and Mallophaga, of 

our Neuroptera). 

8. Thysa^ioptera (as with us). 

9. Rhynclwta (= Hemiptera with us). 

10. Neuroptera (= the families Hemerobiidce and Sialidxe of our NeuropUra), 

11. Panorpatae ( = the family Panorpidae of our Neuroptera). 

12. Triclwptera ( = the division Trichoptera of Neuroptera). 

13. Leqndcqdera (= as with us). 

14. IXptera (= our IHptei'a — Aphaniptera). 

15. Sipkonaptera (= Aphaniptera, a division of IHptera with us). 

16. Coleoptei'a ( — Coleojdera). 

17. Hymenoptera (as with us). 

The chief characters on which Brauer bases his system are: 
(1) The existence or absence of wings. (2) The condition of the 
mouth, and whether it undergoes radical changes in the ontogeny, 
arriving thus at the categories Menognatha, Metagnatha, and 
Menorhyncha, as we have mentioned on p. 161. (3) The meta¬ 

morphosis; the grouping adopted being Ametabola, Hemimetabola, 
Metabola. (4) The number of the Malpighian tubules; 
Oligonephria, Polynephria. (5) The nature of the wings, the 
relative proportions of the thoracic segments, and some other 
characters. 

Brauer's treatise is accompanied by a valuable and in many, 
respects very sa-gacious consideration of the generalised char¬ 
acters of the Insecta; as a classification based partly on general¬ 
isations and partly on structures, it is, so far as the present 
» “Syst. Zool. Studien.” S.B. Al\ IFien, xcL 1885, Ab:h. I. p. 374. 
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condition of oiir knowledge goes, a good one. But it is of 
little value as a practical guide, and as a basis for theoretical 
speculation it cannot be treated as of importance, because the 
generalisations it makes use of are premature, owing to the small 
proportion of the forms that have been examined. And even now 
the groups adopted are known to be subject to many exceptions. 

Thus it begins by a division of Insecta into winged and 
wingless; but the winged division is made to comprehend an 
enormous number of wingless Insects, whole subdivisions of 
Orders such as the Mallophaga being placed in the winged series, 
although all are without wings. This first division is indeed 
entirely theoretical; and if a classification on generalisfitions 
were adopted, it would be more natural to begin witli the old 
division into Homomorpha and Heteromorplia, and treat the 
Order Aptera as the first division of the Homomorpha, while the 
Heteromorplia would commence with theEphemeridae andOdonata, 
in which, though the individual in tlie early part of the ontogeny 
is very difterent from the perfect Insect, tliere is no marked 
division of the later larval and the pupal stages. Brauer's system 
is also defective inasmuch as it takes no account of the emliryo- 
logical or oogenetic processes, though tliese are of ecpial import¬ 
ance with the later phases of the Ontogeny. Even as regards the 
division into Orders, it is far from being free from reproac*Ii; for 
instance, the separation of the Dermaptera from tin*. Orthoptera, 
while lihynchota remains intact, although including a more 
extensive series of heterogeneous forms; tlie division of the 
Neuroptera into widely separated groups, each of which is treated 
as equivalent to the great Orders, sucli as Coleoptera (in which 
Strepsiptera are included), Hymenoptera, and iJiptera, is not 
reasonable. The association of Mallophaga and Termitidtie, while 
Dermaptera are separated from Orthoptera, is also undeniably 
arbitrary, and other similar disparities are to be seen on 
scrutinising the details of the system. 

On comparing the three arrangements we have outlined, it 
will be seen that the chief discrepancies they present come 
under two heads: (1) The treatment of the Neuroptera, opinions 
'differing as to whether these Insects shall be grouped as a single 
Order, or shall be divided into numerous Orders; and as to what, 
if this latter course be adopted, the divisions shall be. (2) The 
treatment of the parasitic groups Mallophaga, Aphaniptera, etc. 
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It must be admitted that whichever of the three systems we 
have sketched be adopted, tlie result is, as regards both these 
points, open to criticism. The Order Neuroptera, if we take it 
in the broad sense, differs from the other Orders in the greater 
variety of metamorphosis exhibited by its memters; while if, on 
the contrary, it be dismembered, we get a number of groups 
of very unequal extent and not distinguished from one another 
by the same decisive and important characters as are the other 
Orders of which they are considered equivalent. The discrepancy 
exists ill nature, and can scarcely be evaded by any system. A 
similar observation may be made as to the parasitic groups, 
viz. Mallophaga, Anoplura, Aphaniptera, and Strepsiptera. If 
these 1)6 treated as scqiarate Orders the result is not satisfactory; 
while, if they be ass(x*iated with the larger groups to which they 
are respectively nearest allied, it is almost equally unsatisfactory. 

We may mention that l^ickard and Brauer have in their 
treatises discussed tlie question of suj^er-orders, and have gone so 
far as to pro})ose names for them. Tliese two authorities do not 
however agree in their conclusions; and as the names proposed are 
of little practical value, and are but rarely met with, we need not 
explain them or discuss the comparative merits of the two systems. 

The divisions of inferior value to the Order are, after repeated 
scrutiny by many naturalists, becoming of a more satisfactory 
character, and notwitlistanding various anomalies, may 1 ) 0 , many 
of them, considered fairly natural.^ Unfortunately entomologists 
have not been able to agree on a system of terminology, so that 
for these subdivisions terms such as sub-order, series, legion, 
section, tribe, etc., are used by different authorities in ways 
so various as to cause much confusion. In the following pages 
the terms sub-order and series will be used in a somewhat vague 
manner, the term sub-order being preferred wliere the group 
appears to be an important one and of a fairly natural chai'acter, 
while the word series will he adopted when the groups are con¬ 
nected in a conventional manner. The designation family ” 
will be used for groups of subordinate importance ; and as reganls 
this term we may remark that systematic entomologists are 
making genuine efforts to define the “ families ” in an accurate and 
comprehensible manner. The endeavour to make these systematic 

^ Tho term natural is hero employed in the empirical sense described by Brunner 
von Wattenwyl, JVouv. Syst, BlaitaireSf 1865, p. vii. 
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families dependent throughout the Class Insecta on characters of 
similar morphological value has, however, scarcely been entered 
on, and it is perhaps not desirable, seeing how very small a 
portion of the Insects of the world have been critiailly examined, 
that much effort should he yet expended on an attempt of 
the kind. It must be admitted that the species of Insects should 
be obtained before they can be satisfactorily classified, and it is 
estimated' tliat at least nine-tenths of the Insects of the world 
are still unknown to entomologista 

Geological Record. —Although Insects have a very long 
pedigree, it is as yet a very imj)erfect one. The remains of 
creatures that can be referred to the Class Insecta have been 
found, it is said, in Silurian strata; only one or two of these 
very early forms are at present known, and the information 
about them is by no means satisfactory; if Insects at all—as 
to wliich some doubt exists—they apparently belong to very 
different forms, though, like all the earliest fossil Insects, they 
are winged. In the strata of the Carboniferous epoch numerous 
Insects have been detected, in both Europe and North America. 
These earlier Insects are by Scudder ciilled l^alaeodictyoptera, 
and separated from the Insects around us on the ground tliat 
he considers there existed amongst tliese palaeozoic Insects no 
ordinal distinctions such as obtain in the existing forms, but 
that the primeval creatures formed a single group of generalised 
Hexapods. Brauer does not accept this view, considering that 
the earlier Insects can be referre<i to families existing at the 
present time and forming parts of tlie Orthoptera, Neuroptera, 
and Hemiptera. The discrepancy between these two authorities 
depends to a great extent on the different classifications of existing 
Insects that they start from; Scudder treating the wings as of 
primary importance, while Brauer assigns to them only a 
subordinate value. From the point of view taken in the present 
work Scudder's view appears to be in the main correct, though 
his expression as to the primary fossil Insects forming a single 
homogeneous group is erroneous. The Neuroptera, still in exist¬ 
ence, certainly form a heterogeneous group, and it is clear that 
the Palaeozoic fossils represent a more diverse assemblage than 
the present Neuroptera do.^ 

* Lord Walsingham, Proc. Eid, Soc, London, 1889, p. Ixxx. 

‘We may mention that fossil Insects are chiefly determined from their wing- 
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In the more recent rocks Insect remains become compara¬ 
tively numerous, and in Mesozoic strata forms that can satisfac- * 
torily be referred to existing Orders are found, the Palaeodicty- 
optera of Goldenberg and Scudder having mostly disappeared; 
the Blattidae or cockroaches do not apparently present any great 
discontinuity between their Palaeozoic and Mesozoic forms. The 
Tertiary rocks afford us fairly satisfactory evidence to the effect 
that Insects were then more numerous in species than they 
are at the present day. At Florissant in Colorado the bed 
of an ancient lake has been discovered, and vast quantities of 
Insect remains have l)een found in it, the geographical conditions 
indicating that the creatures were not brought from a distance, 
but were the natural fauna of the locality; and if so w^e can 
only conclude that Insects must have been then more abundant 
in species than they are now. 

Scudder has informed us ^ that not only were Insects abimdant 
in the Tertiaries, but that their remains indicate conditions of 
existence very similar to what we find around us. " Certain 
peculiarities of secondary sexual dimorphism accompanying 
special forms of communistic life, such as the neuters and workers 
in Hymenoptera and the soldiers among the Termitina, are also 
found, as would be expected, among the fossils, at least through 
the whole series of the Tertiaries. The same may be said of 
other sexual characteristics, such as the stridulating organs of the 
Orthoptera, and of j)eculiarities of oviposition, as seen in the 
huge egg-capsules of an extinct Sialid of the early Tertiaries. 
The viviparity of the ancient Aphides is suggested, according to 
Buckton, by the appearance of one of the sj)ecimens from the 
Oligocene of Florissant, while some of the more extraordinary 
forms of parasitism are indicated at a time equally remote by tlie 
occurrence in amber of the triungulin larva of Meloe, already 
alluded to, and of a characteristic strepsipterous Insect; not only, 
too, are the present tribes of gall-making Insects abimdant in the 
Tertiaries, but their galls as well have been found/* 

Temains, which are often surprisingly perfect. This is one of the reasons that have 
induced us to prefer a classification of Insects in which the nature of the wings is 
considered of great value. It would be impossible to refer fossil Insects to groups 
that are established on account of the metamorphosis or of the internal structure of 
their components, for there is not yet any evidence on either of these points in the 
fossil remains preserved for us by the rocks. 

^ Bull U,S. Oeol Survey, No 81 1886. p. 109. 
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THE ORDER APTERA-DEFINITION-CHIEF CHARACTERISTICS- 

THYSANUUA CAMPODEA JAPYX MACHILIS—^LEPISMA 

DIVERSITY OF INTERNAL STRUCTURE IN THYSANUKA-ECTO- 

TROPHI AND ENTOTROPHI - COLLEMBOLA - LIPURIDAE - 

PODURIDAE-SMYNTHURIDAE-THE SPRING-THE VENTRAL 

TUBE-ABDOMINAL APPENDAGES-PROSTEMMATIC ORGAN- 

TRACHEAL SYSTEM-ANURIDA MARITIMA-COLLEMBOLA ON 

SNOW-LIFE-HISTORIES OF COLLEMBOLA-FOSSIL APTERA- 

APTERYGOGENEA-ANTIQUITY AND DISTRIBUTION OF CAMPODEA. 

Order 1. Aptera. 

Small Insects with 'iveak outer skin, destitute throuf/hont life of 
wings or their rudiments, hut with three iniirs of leys; an¬ 
tennae large or moderate in size. 

The a>x)ve definition is the only one that can at ]>resent be 
framed to apply to all the Insects included in our Aptera. 
Unfortunately it is far from diagnostic, for it does not enable 
us to distinguish the Aptera from the larvae or young indi¬ 
viduals of many Insects of other Orders. There are, however, 
certain characters existing in many species of Aptera that enable 
their possessors to be recognised with ease, though, as they are 
quite wanting in other members, they cannot correctly be in¬ 
cluded in a definition applying to the whole of the Order. 

We are thus brought in view of two of the most important 
generalisations connected with the Aptera, viz. that these Insects 
in their external form remain throughout their life in a condition 
resembling the larval state of other Insects, and that they never¬ 
theless exhibit extreme variety in structural charac.ters. 

The more important of the special characters alluded to above 
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as being possessed by some but not by all members of the Order 
are (1) a remarkable leaping apparatus, consisting of two 
elongate processes at the under side of the termination of the 
body; (2) a peculiar ventral tube, usually seen in the condition 
of a papilla with invaginated summit, and placed on the first 
abdominal segment (see Fig. 100, p. 194); (3) the scales cover¬ 
ing the body; (4) the existence of abdominal appendages in the 
form of long cerci or processes at the termination of the body, or 
of short processes on the sides of the under surface of the abdominal 
segments. 

Throughout the Order the general shape approximates to 
that of a larva; this is shown by the diagrammatic section of 
the body of Machilis 
(Fig. 90). There is a 
succession of rings 
differing little from 
one another, except 
so far as the hemd is 
concerned; even tlie 
division of thorax from 



Fig, 90.—Section of body of Machilis: o, ovipositor. 
(After Oudemans.) 


abdomen is but little evident, and 
although in some of the forms the tliree thoracic segments may 
differ considerably among themselves, yet they never assume the 
consolidated form that they do to a greater or less extent in tlie 
imago stage of the other Orders. Fig. 90 shows the larva-like 
structure of the body, and also exhibits the inequalities in size 
between some of the dorsal and the corresponding ventral plates. 
This phenomenon is here displayed only to a small extent, so 
that the true relations of the dorsal and ventral plates can be 
readily detected; but in tlie higher Insects want of correspond¬ 
ence of this kind may be much more extensive. 

The respiratory system is in many of these Insects very 
inferior in development, and may even be, so far as tracheae and 
spiracles are concerned, entirely absent, but in other members of 
the Ajitera it is well developed. In the other internal organs 
there is also great variety, as there is in the external structure. 

A brief explanation as to the term Aptera, which we have 
adopted as the name of this Order, is necessary. This name was 
used by Linnaeus for our Insects, but as he associated with them 
various other heterogeneous forma which were afterwards 
separated, his “ Aptera ” became completely broken up and ceased 
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to be recognised as an Order of Insects. The term was, how¬ 
ever, revived by Haeckel and Balfour several years since, and 
applied quite properly to the Insects we have in view. Subse¬ 
quently Packard and Brauer, recognising the claims of these 
Insects to an isolated position, proposed for them the names 
Synaptera and Apterygogenea, and Packard has also used the 
term Cinura. There is, however, clearly an advantage in 
retaining the termination "ptera” for each of the Orders of 
Insects; and as the fact that " Aptera ” of Linnaeus included 
many Insects is not a sufficient reason for refusing to apply the 
term to a portion of the forms he used it for, we may, it is clear, 
make use of the Linnaean name with propriety, it being explicitly 
stated that the Order does not include by any means all the 
apterous forms of Insects. 

The Order includes two sub-orders, viz. (1) Thysanura, in 
which the hind body (abdomen) is composed of ten segments, and 
there is no ventral tube on its first segment; and (2) Collemhola, 
in which the hind body consists of not more than six segments, 
the first of which is furnished beneath with a peculiar tube 
or papilla. 


Thysanura. 

Our knowledge of this important sub-order has been re¬ 
cently much increased by the works of Grassi^ and Oudemans.* 
Very little is known, however, of the extra-European forms,* 
there being great difficulties in the way of collecting and pre¬ 
serving specimens of these Insects in such a way as to render 
them available for study and accurate comparison. Grassi and 
Rovelli* recognise four families among the few European species of 
Thysanura, viz. Campodeidae, Japygidae, Machilidae, Lepismidae. 
Campodeidae is perhaps limited to a single species, only one 
having been satisfactorily established, though several descriptions 
have been made of what are supposed to be other species. 

This Insect {Campodea stapkylinus) is, so far as external form 
goes, well known, from its having been figured in many works 
on natural history on account of its having been supposed to be 

^ Mem, Acc. Lincei Roma (4), iv. 1888, p. 543, etc., and other preceding memoira 
mentioned therein. 

• Bijdr. DUrkundet xvi. 1888, pp. 147-227. 

* Natural Sicil, U. 1889, pp. 25, etc. 
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the nearest living representative of a primitive or ancestral 
Insect. The creature itself is but little known even to 
entomologists, although it is one of the commonest of Insects 
over a large part of Europe. It is numerous in the gardens 
and fields about London and Cambridge, and abounds in damp 
decaying wood in the New Forest; if there be only one 
species, it must possess an extraordinary capacity for adapting 
itself to extremes of climate, as we have found it at midsummer 
near the shores of the Mediterranean in company with the sub¬ 
tropical white ants, and within a day or 
two of the same time noticed it to be 
abundant on the actual summit of Mount 
Canigou, one of the higher Pyrenees, 
wliere the conditions were almost arctic, 
and it wtis nearly the only Insect to be 
found. The species is said to exist also 
in North America and in East India. It 
is a frjigile, soft Insect of white colour, 
bending itself freely to eitlier side like a 
Myriapod; the legs are rather long, the 
antennae are long and delicate, and the 
two processes, or cerci, at the other ex¬ 
tremity of the body are remarkably similar 
to antennae. It has no eyes and shuns 
the light, disappearing very cpiickly in tlie 
earth after it has been exposed. If placed 
in a glass tube it usually dies speedily, 
and is so extremely delicate that it is 
difficult to pick it up even with a camels 
hair brush without breaking it; so that 
we may fear it to be almost hopeless to 
get enough specimens from different parts ^phy. 

of the world to learn what differences (After Lubbock, 

X 16 ) 

may exist amongst the individuals of this 
so-called primitive Insect. Meinert, a very able entomologist, 
considers that there is really more than one siiecies of C(im 2 >odea 
Campodeidae as a family may be briefly defined as Thysanura 
with the trophi buried in the head and with the body terminated 
by antenna-like processea We shall consider some of the ana¬ 
tomical peculiarities of this interesting Insect after we have 
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briefly reviewed some of the external characters of the other 
Thysanura. 

The second family (Japygidae) consists of one genns Japyx, of 
which there are, no doubt, several different species in various 
parts of the world, such having already been detected in tropical 
Africa, in Malasia, and in Mexico, (is well as in Madeira and 
Europe. The commoner species of the latter continent, Japyx 
soliftLgus, lives in moss or in shady places on the edges of woods. 
It possesses a great resemblance to a newly-hatched earwig, and 
the writer has found it in France under a stone in company with 
a number of the tiny creatures it was so much like. This species 
has been found as far north as Paris, but has not l)een met with 
in Britain. The family Japygidae ii^, like the Campodeidae, 
entotrophous, and is distinguished by the body being terminated 
behind by a pair of forceps instead of antennary organs. 

The other two families of Thysanura, Machilidae and Lepis- 
midae, are ectotrophous—that is, tlie parts of the mouth are not 
buried in the head, but are arranged in the fashion usual in 
mandibulate Insects. 

Only one genus of Macliilidae is known, but it is no doubt 
very numerous in 8j)ecies, and probably is distributed over 
most of the glol)e. Machilis mnrifivia is common in some 
places on the coast of England. Another species {M, 2 )olypoda) 
occurs amongst dead leaves in the New Forest, and we have also 
observed a species of the genus under the loose stones that 
frequently form tlie tops of the dykes ” or ])iled Widls in Scotland. 
In more southern Europe species of Marhtlis are commordy met 
with on the perpendicular faces of very large stones or rocks, 
over which they glide with wonderful facility. The scales on 
the bodies of these rock-inhabiting sjHJcies form pretty patterns, 
but are detached with such facility that it is almost impossible 
to obtain specimens in satisfactory condition for examination. 

In Machilidae the dorsal plates of the hind body are reflexed 
to the under surface so as to form an imbrication covering the 
sides of the ventral plates, and the eyes are largely developed; 
by which characters the family is distinguished from the 
Lepismidae. The pair of large compound eyes (Fig. 92, 0) is a 
remarkable feature, being indeed unique in the Aptera. The 
structures ( 0 , o') that Oudemans considers to be simple eyes have, 
in external appearance, a resemblance to the fenestrae of the 
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Blattidae; Grassi states, however, that not only are they eyes, 
but that they are of almost unique structure, being, in fact, 
intermediate between simple and compound eyes. 

The mode of development of the compound eyes of Machilis 
is of considerable interest, but unfortunately very little is known 
about it, even the period at which the eyes appear being uncertain. 
Judging from analogy with the Orthoptera, we should suppose 
them to be present when the Inscict leaves the egg, and Oudemans 
apparently considers this to be the case, but Bolivar states ^ that 



Fio, 92.—Head of Machilun viari^ 
tima (after Oudemans); A, base 
of antenna ; clypeus ; Fy ver¬ 
tex ; /*, fold ; 0, eye ; o, n\ sup- 
poscil simple eye ; J/, mandible ; 
viy maxilla; A, upper lip; /, lower 
lip; Ty portion of maxillary palp; 
ty of labial |)alp. x 20. 



Fi«. 93. — Lepisma cincta, (After 
Oudemans.) x 4. (The line indi¬ 
cates the natural length.) 


in the early stages of Machilis the eyes are only simple eyes; 
these l>eing replaced by compound eyes in the later life. The 
writer has observed very young individuals of Machilis polypodiiy 
and found the eyes to lie evidently compound. 

The remaining family of Thysanura, the I.epismidae, is in 
certain respects the most highly developed of the Order. The 
covering of scales found on the body is very remarkable in some 
of the species, esjiecially in the genus Lepisma (Fig. 93, Z. 
ciTwta ); the thoracic segments are different from one another 
^ Ann, Soc, eiU, FraiuXy 1892, p. 34, 
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and from those of the abdomen, and the traeheal system is more 
highly developed than it is in the Machilidae. Several genera 
are known, but only two members of the family have yet been 
detected in Britain. One of them {Lepisma saecharina), occurs 
only in houses, and is sometimes called the silver fish; it is, 
when full grown, less than half an inch long, and is covered with 
scales that give it a feebly metallic lustre. Like the other 
Thysaniura, its movements are very perfect. It is said that it is 
occasionally injurious by nibbling paper, but the writer's observa¬ 
tions lead him to doubt this; its usual food is doubtless farin¬ 
aceous or saccharine matter. Thermohia farnorum, our other 
British Lepismid, has only recently been discovered; it is found 
in bakehouses at Cambridge and elsewhere. The bakers call 
these Insects fire-brats, apparently considering them to he fond 
of heat. 

Much valuable information as to the anatomy of Thysanura 
has been obtained by Grassi and Oudemans, and is of great 
interest. Taking four genera, viz. Campodea, Japyx, MaxhiHsy 
and Lepisma, to represent the four families constituting the 
sub-order, we will l)riefly enumerate some of the more remarkable 
of the characters of their internal anatomy. Campodea has a 
very inferior development of the tnicheal system; there are three 
pairs of spiracles, which are situate on the thoracic region; 
the tracheae connected with eiich spiracle remain distinct, 
not uniting with those coming from another spiracle; tliere are 
thus six separate small tracheal systems, tliree on each side 
of the body. Japyx solif ugm has eleven pairs of spiracles, of 
which four are thoracic; the tracheae are united into one system 
on etich side by means of lateral tubes; thus there are two 
extensive tracheal systems situate one on each side of the l)ody, 
there being a single transverse tube, placed ne^ir the posterior 
extremity, uniting the two lateral systems. In Machilis there 
are nine pairs of stigmata, two of them thoracic, seven abdominal; 
the tracheae from each spiracle remain unconnected, so that there 
are eighteen separate tracheal systems, some of which are con¬ 
siderably more developed than others. The Leijismidae have 
ten pairs of stigmata, and the tracheae connected with them are 
completely united into one system by longitudinal and transverse 
tubes. Besides these differences there are others, of considerable 
importance, in the position of the stigmata. 



VII 


THYSANURA 


187 


All the Thysanura possess salivary glands. In Campodea 
there are about sixteen extremely short Malpighian tubules, or 
perhaps glands representing these organs; Japyx is destitute 
of these structures; Machilis maritima has twenty elongate 
tubules; in Lepisma also they are long, and apparently vary in 
number from four to eight in different species. The propor¬ 
tions of the three divisions of the alimentary canal differ 
extremely; there is a very large proventriculus in Lepisma, but 
not in the otlier families; coecal diverticula are present on the 
anterior part of the true stomach in Machilis and in Lepisma, 
but are wanting in Campodea and in Japyx. 

The dorsiil vessel seems not to present any great differences 
in the sub-order. Grassi says there are no alary muscles present, 
but Oudemans describes them as existing in Machilis, but as 
being excessively deliaite. 

The ventral chain of nerve-ganglia consists in Campodea of 
one cephalic ganglion, one sub-oesophageal (which clearly 
l)elongs to the ventral series of ganglia), three thoracic, and 
seven alKlominal. In the other families there are eight instead 
of seven abdominal ganglia. 

The structure of tlie internal sexual organs is very remark¬ 
able in the Thysanura. In Campodea there is one extremely 
large, simple tul)e on each side of the body. In Japyx there are 
seven small tulies on each side, placed one in each of the suc¬ 
cessive abdominal segments, and opening into a common duct. 
Ill Machilis there are also seven tubes opening into a common 
duct, but the arrangement is no longer a distinctly segmental one. 
In Lepisma there are five egg-tubes on each side, the arrange¬ 
ment lieing segmental in the young state but not in the adult 
condition. In Campodea nutrient cells alternate with the eggs 
in the tubes, but this is not the case in the other familiea 
Fig. 94 shows the ovaries in three of the Thysanura; in the draw¬ 
ing representing this part in Machilis (C), one of the two ovaries 
is cut away for the sake of clearnesa 

The male organs in Camjmdea are very similar in size and 
arrangement to the ovaries, there being a single large tulie 
or sac and a short vas deferens on each side of the body. In 
Japyx there is a sac on each side, but it is rendered double by 
a coecum at its base, and there are long and tortuous vasa 
deferentia. In Lepisma there are three pairs of coeca on each 
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side, segmentally placed and opening into a common duct. 
In Maxihilis there are three retort-shaped sacs on each side open¬ 
ing near one another into a common duct, the vasa deferentia 
are elongate, and are very curiously formed, l)eing each double 
for a consideralde length, and the separated portions connected 
at intervals by five transverse commissural ducts. 

One of the characteristic features of Insect structure is the 
restriction of articulated legs to the thoracic region. In the 

Thysanura there exist ap- 

( _I i)eridages occupying a posi- 

hiiul body some- 

A I (7^ what similar to that of the 

thorax. These 

h j 1 appendages are quite small 

t ; 1.) I bodies, and are placed at the 

gi ^ hind margins of the ventral 

I ^ jJ Hv- T~ platens of the abdomen, one 

/ ^ 11 each side ; they are con- 

\\ri r(w/ n<^<^ted by a simple joint to 
(p- VOlj) the sttjrnitc and an', provided 

I II with muscles. I'hey are 

j—pr—, I I found in Cam pod ca on seg- 

\ } \ ] I \ ments 2 to 7 ; in Lepisrna 

V V I \ on 8 and 9, in the allied 

Fig. 94.—Ovaries of Tliysanura : A of Cam- Nicohtia 011 2 to 9; ill Japyx 
podea;l^,oiJapyx; Cy^iMoxhllis. (After..,. 1 

GrassiandOudemans.) X 10 / , Ocillg, How¬ 

ever, more rudimentary tliaii 
they are in Campodea. In Machilis they attiiiii perhaps their 
greatest development and exist on segments 2 to 9; more¬ 
over, in this genus such appendages occur also on the coxae of 
the second and third pairs of thoracic legs. Oudemans thinks 
they help to support the abdomen, and that they also assist 
in leaping; Grassi considers that they are supporting agents to 
some extent, but that they are essentially tactile organs. He 
calls them false legs “ Pseudozampe.” 

Still more remarkable and obscure in function are the vesicles 
found near the appendages; we figure a pair after Oudemans, 
showing them in the exserted state. In the retracted state the 
outer portion of the vesicles is withdrawn into the basal part P 
(Fig. 95), so that the vesicles are then only just visible, being 
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concealed by the ventral plate. The abdominal appendage is not 
retractile. In Machilis there are twenty-two of these vesicles, 
arranged either two or four on one ventral plate of the hind 
body. They are also present in Campodea, where tliere are six 
pairs. They are usually siiid to 1)e absent in Japyx and in 
Lepisma, but Haase shows ^ that Japyx jiossess a pair placed 
behind the second ventral plate of the abdomen. The vesicles 
appear to be exserted by the entrance of blood into them, and to 
be retracted by muscular agency. Much difference of opinion 
prevails as to their function; it appears probable that tliey may 
be respiratory, as suggested by Oudemans. 

The scales found on tlie bodies of the Ectotrophous Thysanura 
may l)e looked on as imxlified hairs, and are essentially similar to 
those of the Ixipidoptera, and they drop off 
tis re.adily as do those of the Lepidoptera. 

Stummer-Trauiifels, who has recently 
published ^ the results of his researches on 
the mouth-organs of Thysanura and Col- 
lemliola, confirms the division of the 
Thysanura into Entotrophi and Ectotrophi, 
and coiisidei*8 that the Collembola agree 
with the former group. The German 
author therefore proposes to divide our 
Aptera, not into Thysanura and Collembola, ^^^‘aagiTiimi^'ersertn^ 
but into Ectognathi and Entognathi, the 
former group consisting of Machilidae and 
Tx^])isinidae, the latter of Campodeidae, 

Ja})ygidae and the various families of 

Collembola. We think it far more iiatuml, however, to retain 

the older division into Thysanura and Collembola. 



cles of MachUi^, 
appendage; V, vesicles 
))rotruded ; P, basal por¬ 
tion ; /i, muscles, x 70. 


Oollembola. 

The sub-order Collembola, which we have defined on p. 182, 
consists of small Insects, many of which possess the capacity of 
leaping, or springing suddenly, and when disturbed or alarmed 
naturally make use of this means of escaping. Their leaps, how¬ 
ever, appear to be made quite at random, and very frequently do 
' Morph. Jahrb. xv. 1889, p. 368. » SB. Ale. Wien, c. 1891, Abth. I. p. 216. 
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not have the result of taking the creature into concealment, and 
in such circumstances they may be rapidly and frequently 
repeated until the Insect feels itself, as we may suppose, in a 
position of safety. Three families may be very readily dis¬ 
tinguished, viz. (1) Lipuridae, in which no leaping apparatus is 
present; (2) Poduridae, a leaping apparatus exists near the ex¬ 
tremity of the abdomen; the body is subcylindric and evidently 
segmented; (3) Smynthuridae, a leaping apparatus exists: the 
body is sub-globular with comparatively large head and abdomen, 
the intervening thoracic region being small; the segmentation of 
the body is obscure. 

The study of the CoUembola is much less advanced than that 
of the Thysanura, comparatively little having been added to our 
knowledge of the group since Lubbock’s monograph of the 
British forms was published by the Bay Society in 1873. Why 
the CoUembola should l)e neglected when the Thysanura attract 
so much attention is as inexplicable as many other fashions are. 

The family Lipuridae consists of a few very small and obscure 
Insects of soft consistence. They move slowly, and, owing to the 
absence of any leaping power, attract atten¬ 
tion less readily than the other CoUembola 
do. Two genera are generally recognised, 
and they should probably form separate 
families; indeed, in Lubboc^k’s arrangement 
they do so. In one of the genera (AnoMra) 
the mouth is very imj)erfect, no mandibles 
or maxillae having been detected, while in 
the other genus (^Liimra) these organs exist. 

In the members of the family Poduridae, 
including the Degeeriidae of Lubbock, a 
saltatory apparatus is present in the form 
of appendages attached to the fifth abdomi¬ 
nal segment (Degeeriides), or to the fourth 
Ffo. 96 .— Zymra hur- (Podurides). These appendages are during 
(After Lub- jjfg flexed beneath the body, but in dead 
specimens usually project backwards, having 
the appearance of a bifid tail. Poduridae are of elongate form, 
somewhat like small caterpillars, and are frequently prettily 
marked with variegate colours. Fig, 97 represents an arctic form 
closely aUied to our native genus IsotoToa, 
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The peculiar shape of the members of the Smynthuridae is 
suflicient for their identification. They possess a very convex 
abdomen, and very near to it 
a large head, the intervening 
chink being occupied by the 
small thorax. The segmenta¬ 
tion of the body is not easily 
distinguished. Nicolet states 
that the tliorax consists of 
three segments and the abdo¬ 
men of the same number, and 
that when the Insect emerges ^7. —Corynxythrix borealis : «, ventral 

from tlie egg these divisions rev 0 / 

can be perceived. In after life the posterior part of the thorax 
becomes amalgamated with the abdomen, so that it is difficult to 
trace the divisions, but there appears to be no information as to 




the manner in which this change occurs. 
Some of these minute Insects frequent 
trees and bushes, and their leaping powers 
are very perfect, so that it is difficult to 
cai)ture them. The family includes both 
the Smynthuridae and the Papiriidae of 
Lubbock. 

The two most characteristic organs of 
tlie Collembola are the spring and the 
ventral tube. The first of these is an 
elongate structure attached to the under¬ 
side of the abdomen near its extremity, 
either on the penultimate or ante-i)enulti- 
mate st'.gment. It consists of a basjil 
part, and of two api)endages attached 
thereto. It is carried under the Insect 
bent forwards, and is retained in this 
jKisition by means of a catch which pro¬ 
jects from the under surfiice of the third 


Fio. ^K^Smynthur^is xarie^ Segment of the body, descending l)etween 
gaiHs, with spri»K fx- the tw^o branches of the spring, and ptisa- 
ing under the extremity oi its Ixvsal seg¬ 


ment. It is considered that the spring is elastic, is flexed under 


the body by muscular action, and, being retained in this position 
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of restraint by the catcli, when the latter is removed the spring 
extends by reason of its elasticity, and the leap is thus executed. 
Whether this is really the exact method of leaping is, however, 
doubtful, for Lubbock says that the catch “ only exists in certain 
genera ; while in its structure it does not appear to be well 
calculated to retain in position an organ that by virtue of its 
elasticity is constantly exerting a considerable force. 

The ventral tube is an anomalous and enigmatic structure. 
In the lower forms, such as Lipura or Ayiurida, it consists merely 
of a papilla (Fig. 100, A, a) more or less divided by fiasiire into tw^o 
parts. In the Smynthuridae it is more highly developed, and 
protects two long delicate tul)es that are (iapable of teirig 
protruded, as shown in the outline profile of Smyntluirusi fuse us 
(Fig. 99), which is taken from sjieciiiiens preserved in balsam by 

Mr. J. J. Lister. The nature and use 
of this ventral tul)e have given rise to 
much discussion. Lublxxik considered, 
and others have agreed with him, that 
it serves to attach the Insi^ct to bodies 
to which it may be desiral)le the Insect 
should, when in the ixirpendicular posi¬ 
tion, adhere. Eeuter ^ assigns a (piite 
different function to this singular struc- 

Fio. 99.-^Smynthui^s fuscus, 
with exsertile vesicle (a) i»ro- 

triided from ventral tube; body are hygroscoj)ic, and that the 
6. the spnng extended. peculiar claws of the liisect having 
collected the moisture from the hairs, the ventral tulie Ix^comes 
the means of introducing the liquid into the liody. These Insects 
possess, however, a mouth, and there seems to lie no reason why 
a complex apparatus should Ije required in addition to it for so 
simple a purpose as the introduction of moisture to the interior of 
the body. Hfiase finds ^ that Collembola can crawl on glass 
without the aid of the ventral tube; he considers its function 
to be physiological, and that it may probably lie respiratory as‘it 
has been suggested is the case with the vesicles of Thysanura. 
The function of the ventral tube is certainly not yet satisfac¬ 
torily elucidated. The vesicles contained in it are said to be 
extruded by blood-pressure, and withdrawn by muscular action 
in a manner similar to that which we have described as occurring 
^ JShU, Tidskr, i. 1880, p. 169. * Mor^kol, Jahrh, xv. 1888, p. 861, 
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in the case of the exsertile vesicles of the Thysanura. The pro¬ 
cesses in Smynthurus bear glandular structures at their ex¬ 
tremities. It has been suggested that the ventral tube of Collem- 
bola is the homologue of a pair of ventral appendages. The term 
Collophore has been applied to it somewhat prematurely, seeing 
the doubt that still exists as to its function. 

Some of the Collembola possess a very curious structure 
called the prostemmatic or ante-ocular organ; its nature and 
function have been very inadequately investigated. The ocular 
organs of the Collemlx^la consist, when they are present, of 
isolated ocelli placed at the sides of the head like the corre¬ 
sponding organs of caterpillars; the prostemniate is placed 
slightly in front of the group of ocelli, and has a concentric 
arrangement of its parts, reminding one somewhat of the com¬ 
pound eyes of the higher Insects. This structure is represented 
in Fig. 100, B, C; it is said by Sir John Lubbock to be present 
in some of the Lipuridae that have no ocelli, and he therefore 
prefers to 8|»eak of it as the “ post-anteunal ” organ. 

A very characteristic feature in the Collembola is the slight 
development of the tracheiil system. Although writers are far 
from l>eing in accord as to details, it seems that stigmata and 
tracheae are usually absent. In Smynthurm there are, however, 
(iccording to Lubbock,—whose statement is confirmed l)y Meinert 
and Tulll)erg,—a piir of stigmata situate on the head telow the 
antennae, and from these there extends a tracheal system through¬ 
out the body. Such a position for stigmata is almost, if not 
quite uni(iue in Insects; Grassi, however, seems to have found 
something of the kind existing in the embryo of the bee. 

At present only a small number of species of the Order 
Aptera are known; Lubbock recognised about sixty British 
species, and Finot sixty-five as found in France. The North 
American forms have not received so much attention as the 
Euroj)e«in, and the Aptera of other countries, though they are 
probably everywhere fairly numerous, are scarcely known at all. A 
few have been described from the Indo-Malayan region and some 
from Chili, and the writer has seen species from the West Indian 
and Sandwich Islands. All the exotic forms as yet detected are 
very similar to those of Europe. 

The Thysanura are probably not very numerous in species, and 
appear to be in general intolerant of cold. With the Collembola 
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the reverse is the case. They are excessively numerous in 
individuals; they are found nearly everywhere on tlie surface of 
the ground in climatic conditions like those of our country, 
while no less than sixteen species have been found in Nova 
Zembla and one each in Kerguelen and South Georgia. One 
species, if not more, of Podura, lives on the surface of stagnant 
waters, on which the minute creatures may frequently be seen 
leaping about in great numters after l)eing distur])e(l. 

In 1874 the plain of Gennevilliers in France was copiously 
irrigated; in the following year the soil was still very damp, and 
there existed numerous pools of stagnant water, on the surface 
of which Podura aqnatica was developed in such prodigious 
quantity as to excite tlie astonishment of the inhabitants of the 
region. 

Accounts have been frequently given of the occurrence on 
snow and glaciers of Insects spoken of as snow-fleas, or snow- 
worms. These mostly relate to Poduridae, which are sometimes 
found in countless numl)er in such situations. The reason for 
this is not well understood. According to F. Low,^ on the ITtli 
of March at St. Jacob in Carinthia, Parson Kaiser ol)served, on 
the occurrence of the first thaw-weather, enormous num]>ers of a 
Podura (? Achorutes ^nurorum) on the surface of tlie snow for an 
extent of about half a mile, the snow being rendered black in 
appearance by them; eleven days afterwards they were found in 
diminished numliers on the snow, but in large quantity on the 
water left by its melting. This account suggests that the 
occurrence of the Insects on the snow was merely an incident 
during their passage from the land, where they had been 
hibernating, to the surface of the water. 

One little member of the Lipuridae, Anurida maritima 
{Lipura maritima of Lubbock), has the haliit, very unusual for an 
Insect, of frequenting salt water. It lives amongst the rocks on 
the shores of the English Channel, between high and low tide- 
marks. Its habits have been to some extent observed* by 
Laboulbfene ^ and Moniez ^; it appears to be gregarious, and when 
the tide is high, to shelter itself against the commotions of the 
water in chinks of the rocks and other positions of advan¬ 
tage. When the tide is out the Insects apparently delight to 

^ Verh. zool.-hot Oes. Wien^ viii. 1858, p. 564. 

* Ann. Soc. ent. France^ 4tli ser. iv. 1864, p. 705. 

* Uev, hiol, Nord France^ ii. 1890, j). 847. 
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congregate in masses on the surface of the rock pools. This 
Anurida can endure prolonged iinniersioii; but }>oth the ob¬ 
servers we are quoting Siiy tliat it is, when submerged, usually 
completely covered with a coat 
of air so that the water does not 
touch it. The little creature 
can, however, it would appear, 
subsist for some time in the 
pools of salt water, even when 
it is not surrounded by its 
customary protecting envelope 
of the more congenial element. 

Its food is said, on very slender 
evidence, to consist of the re- A 

Fia. 100 .—Anurida viaritima: A, iinder- 
mains of small niai me animals, surface ; a, papilla of ventral tube ; B, 

such as Molluscs. We re})ro- prostemmatic organ of young; C, of 

j c 7 1 11 ' » adult. (After Laboulbene.) 

duce some of I^aboulbene s 

figures (Fig. 100); the under-surface shows at a the divided pap¬ 
illa of the ventral tul)e ; B, C represent the peculiar prostemmatic 
organ, alluded to on p. 193, in its mature and immature states. 

Very little information exists as to the life-history of the 
Aptera; as for their food, it is generally considered to consist of 
refuse vegetable or animal matter. It is usual to say that they 
are completely destitute of metamorphosis, but Templeton says of 
Lepisma niveo-fnsciata that “ the young differ so much from the 
mature Insect that I took them at first for a distinct species; the 
thoracic plates are proportionately less broad, and the first is 
devoid of the white marginal band.” As regards the moults, it 
would appear that in this, as in so many other points, great 
diversity prevails, Grassi stating that in Campodea there is a 
single fragmentary casting of the skin ; and Sommer informing us 
that in Macrotorna pluinhea the moults are not only numerous, 
but continue, after the creature has attained its full growth, 
throughout life. 

A very marked feature of the Aptera is their intolerance of a 
dry atmosphere. Although Campodea can exist under very 
diverse conditions, it dies very soon after being placed in a dry 
closed tube; and the same susceptibility appears to l>e shared by 
all the other members of the Order, though it is not so extreme 
in all; possibly it may be due to some peculiarity in the structure 
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of the integument. So far as tolerance of heat and cold goes, 
the Aptera can apparently exist in any climate, for though some 
of the species extend to the Arctic regions, others are peculiar to 
the tropics. 

Thysamira are recorded by Klebs and Sciidder as occurring 
commonly in amber; the latter author has descril)ed a fossil, 
supposed to be a Lepisma, found in the Tertiary deposits at 
Florissant. Scudder has also described another fossil, likewise 
from Florissant, which he considers to form a special sub-order of 
Thysanura— Bcdlostoma —but it is extremely doubtful whether 
this anomalous creature should be assigned to the Order at all. A 
still older fossil, Dasyleptus lucasii Brongniart, from the Carbon¬ 
iferous strata in France, is considered to belong to the Order 
Aptera, but it must be admitted there is some douV)t on this 
point. 

The interest aroused in the minds of naturalists by the 
compiiratively simple forms of these purely wingless and therefore 
anomalous Insects has been accompanied by much discussion tos to 
their relations to other Insects, and as to whether they are 
really primitive forms, or whether they may perhaj)s be degenerate 
descendants from some less uniLSual states of Insect-life. Mayer 
and Brauer dissociated our Aptera entirely from other Insects, 
and proposed to consider the Hexapoda as being composed of two 
groups—(1) the Apterygogenea, consisting of the few species we 
have been specially considering; and (2) the Pterygogenea, includ¬ 
ing all the rest of the immense crowd of Insect forms. They 
were not, however, able to accompany their proposed division by 
any satisfactory characters of distinction, and the subsequent 
progress of knowledge has not supported their view, all the best 
investigators having found it necessary to recognise the extremely 
intimate relations of these Insects with the Orthoptera. Meinert 
thought that Zepisma must be included in the Orthoptera; Grassi 
proposes to consider the Thysanura as a distinct division of 
Orthoptera; and Oudemans recognises the close relations existing 
between Machilis and Orthoptera proper. Finot includes the 
Aptera in his Orthoptferes de la France, and a species of Japyx 
has actually been descrilDed by a competent entomologist as an 
apterous eanvig. At present, therefore, we must conclude that 
no good distinction has been found to justify the separation of 
the Aptera from all other Insects. 
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The taxonomy of the Collembola haa not yet been adequately 
treated, and it is possible that more grounds will be found 
for separating them as a distinct Order from the Thysanura,—a 
course that was advocated by Lubbock,—than exist for dividing 
these latter from the Orthoptera proper. There are apparently no 
grounds for considering the Aptera to lie degenerate Insects, and we 
may adopt the view of Grassi, that they are primitive, or rather 
little evolved forms. It must be admitted that there are not at 
present any sufficient reasons for considering these Insects to be 
“ ancient ” or “ ancestral.” The vague general resemblance of Cam- 
podea to many young Insects of very different kinds is clearly the 
correlative of its simple form, and is no more proof of actual 
ancestry to them than their resemblances inter se are proofs of 
ancestry to one another. But even if deprived of its claim to 
antiquity and to ancestral honours, it must be admitted that 
Campodea is an interesting creature. In its structure one of the 
most fragile of organisms, with a very feeble respiratory system, 
inadequate organs of sense, only one piir of ovarian tulws, verj' 
imperfect mouth-organs, and a simple alimentary canal, it 
nevertheless flourishes while highly-endowed Insects become 
extinct. In the suburlwn gardens of London, on the shores of 
the Mediterranean, on the summits of the higher Pyrenees, in 
North Americii even it is said in the caves of Kentucky, and 
in India, Campodea is at home, and will probably always be 
with us. 




CHAPTER VIII 


ORTHOPTEUA-FORFICULIDAE, EARWIGS-HEMIMERIDAE 

Order II.—Orthoptera. 

Insects with the mouth parts cmispicuous, formed for hithufj the 
four palpi very distinct, the longer Up longitudinally divided 
in the middle. The tegmina {mesothoracic wings), of parch- 
ment-like consistence, in repose closed on the hack of the 
Insect so as to protect it/ The metathoracic wings, of more 
delicate consistence, ample, furnished with radiating or 
divergent nercures starting from the point of articulation, 
and with short cross nervules forming a sort of netivork; 
in repose collapsing like a fan, and more or less completely 
covered hy the tegmina {e-;vcept in certain Phasmidae, where, 
though the wings are amjde, the tegmina arc minute, so that 
the wings are uncovered). In a few forms {winged Forji- 
culidae and some Blattidae) the rnetathoradc wings are, in 
addition to the longitudinal folding, contravted hy means of 
one or two transverse folds. The mode of growth of each 
individual is a gradual increase of size, without any abrupt 
change of form, except that the wings are only fully developed in 
the fined condition. There is no special pupal instar. Species 
in which the wings are absent or rudimentary are numerous. 

The Orthoptera are Insects of comparatively large size. The 
Order, indeed, includes the largest of existing Insects, while none 
are so minute as many of the meml^ers of the other Orders are; 
three millimetres is the least length known for an Orthopterous 
^Insect, and there are very few so small, though tliis is ten times 
the length of the smallest beetle. The Order includes earwigs, 
cockroaches, soothsayers or praying-insects, stick- and leaf-insects, 
grasshoppers, locusts, green grasshoppers, and crickets. 
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The changes of form that accompany the growth of the 
individual are much less abrupt and conspicuous than they are 
in most other Insects. The metamorphosis is therefore called 
Paurometabolous. It has Ix^en supposed l»y some naturalists that 
Orthoptera go through a larger portion of their development in 
the egg than other Insects do. This d(x^>s not clearly appear 
to l)e the case, though it seems that there are distinctions of a 
general character in the embryology; the period of development 
in the egg is prolonged, and the yolk is said l)y Wheeler ^ to l>e 
more than usually abundant in comparison with the size of the 
young embryo. The embryonic development may in tropical 
countries be accomplished in three weeks (see Mantidae), but in 
countries where winter supervenes, the period may in some 
species be extended over seven or eight months. 

The external features of the post-embryonic development—a 
term that is more convenient in connexion with Orthoptera than 
metamorpluxsis—are as follows : the wings are never present when 
the Insect is first hatched, Init appear subsequently, and increase 
in size at the moults; the form and proportions of the segments 
of the body—especially of the thorax—undergo much change; 
an alteration of colour occurs at some of the moults, and the 
integument l)ecomes harder in the adult condition. Neither 
the development of the internal organs, nor the physiological pro¬ 
cesses by which the changes of external form are effected, appear 
to have l>een studied to any great extent. 

Many of the Orthoptera do not possess wings fit for flight, and 
some species even in the adult state have no trace whatever of such 
organs. Flight, indeed, appears to be of minor importance in the 
Order; in many cases where the wings exist they are purely musical 
organs, and are not of any use for flight. The apterous and the 
flightless conditions are not confined to one division of the Order, 
but are found in all the families and in many of their sub¬ 
divisions. As the front pair of wdngs in Orthoptera do not really 
carry out the function of flight, and as they differ in several par¬ 
ticulars from the hinder pair, or true wings, it is usual to call 
them tegmina. The musical powers of the Orthoptera are confined 
to the saltatorial group of families. The Cursoria are dumb or 
nearly so; it is a remarkable fact that also in this latter division 
the alar organs, though frequently present, have but little value 
^ J, Morphoh viii. 1893, p. 64. 
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for flight, and are in some cases devoted to what we may call 
purposes of ornament or concealment. This is specially the case 
in the Phasmidae and Mantidae, where the effectiveness of colour 
and pattern of these parts becomes truly astonishing. The 
tegmina frequently exhibit an extraordinary resemblance to 
vegetable structures, and this appearance is not superficial, for it 
may be seen that the nervures of the wings in their disposition and 
appearance resemble almost exactly the ribs of leaves. One of the 
most remarkable of the features of Orthoptera is that a great 
difference frequently exists between the colours of the tegmina 
and of the wings, i.e. the front and hind wings; the latter are 
concealed in the condition of repose, but when activity is entered 
on and they are displayed, the individual becomes in api)earance 
a totally diflerent creature. In some cases, contrary to what 
usually occurs in Insects, it is the female that is most remark¬ 
able ; the male in Mantidae and Phasmidae l)eiug frecjiiently a 
creature of quite inferior appearance and power in comparison 
with his consort. The musical powers of the saltatorial 
Orthoptera are, however, specially characteristic of the male sex. 
There is evidence that these powers are of great importance to 
the creatures, though in what way is far from clear. Some parts 
of the structures of the body are in many of these musical species 
clearly dominated by the musical organs, and are apparently 



Fig. 101 .—Poecilimon affinU $ , Bulgaria. Alarorgau-s 
serving only as musical organs. The ear on Iront 
tibia and aural orifice of prothorax are well shown. 


specially directed to 
securing their effici¬ 
ency. We find in some 
Locustidae that the 
tegmina are nothing 
but sound - producing 
instruments, while the 
pronotum is prolonged 
to form a hood that 
protects them without 
encumbering their ac-* 


tion. In the males of the Pneumorides, where the phonetic organ 
is situated on the abdomen, this part of the body is inflated and 
tense, no doubt with the result of increasing the volume and quality 
of the sound. In the genus Methone (Fig. 185) we find a grass¬ 
hopper whose great hind legs have no saltatorial function, and but 
little power of locomotion, but act as parts of a sound-producing 
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instrument, and as agents for protecting some parts of the body 
in repose. Further particulars of these cases must be looked for 
in our accounts of the different groups. 

The eggs of many Orthoptera are deposited in capsules or 
cases; these capsules may contain only one egg, or a great many. 

The Order includes many species of Insects, though in Britain 
it is poorly represented: we have only about forty species, and 
this small number includes some that are naturalised. Only a 
few of the forty extend their range to Scotland. A revision of 
the species found in Britain has recently been made by Mr. 
Eland Shaw.^ In continental Europe, especially in the south, 
the species l)ecome more numerous; about 500 are known as 
inhabitants of geographical Europe. In countries where tlie face 
of nature has been less transformed by the operations of man, 
and especially in the tropical parts of the world, Orthoptera are 
much more abundant. 

The lowest number at which the species now existing on tlie 
surface of the earth can be estimated is 10,000. This, however, 
is probibly far under the mark, for the smaller and more obscure 
species of Orthoptera have never been thoroughly collected in 
any tropical continental region, while new forms of even the 
largest size are still frequently discovered in the tropics. 

We shall treat the Order as composed of eight families:— 


Series, Curaoria : 
hind legs but 
little different 
from the others. 


T. Forficulidac—Tegmina short, wings complexly folded ; body 
armed at the extremity with strong forceps. 

2. Hemiiiieridae—Apterous : head exserted, constricted behind. 

3. Blattidae—Coxae of the legs large, exserted, protecting 

the lower |xirt of the body, 

4. Mantidac—Front legs very lai^e, raptorial, armed with spines. 

5. Phasmidae—Mesothorax large as compared with the pro- 

thorax. 


Series, SaUatoria: 
hind legs elon¬ 
gate, formed for 
leaping, their' 
femora usually 
thickened. 


6. Acridiidae—Antennae short, not setaceous, of not more than 

80 joints, tarsi three-jointed. 

7. Locustidae—Antennae very long, setaceous, comi^osed of a 

large number of joints, tarsi four-jointed. 

8. Gryllidae—Antennae very long, setaceous, tarsi two- or three- 

jointed. 


The first five of these subdivisions are amongst the most 
distinct of any that exist in the Insecta, there being no con¬ 
necting links between them. The three groups forming the 
^ Ent, Mo, Mag, xxv. 1889, and xxvi. 1890. 
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Saltatoria ate mvich more intimately allied, and should, taken 
together, probably have only the same taxonomic value as any one 
of the other five groups. 

Owing partly to the inherent difficulties of the subject, and 
partly to the fragmentary manner in whicli it has been treated 
by systematists, it has been impossible till recently to form any 
clear idea of the classification of Orthoptera. During the last 
twenty years Henri de Saussure and Brunner von Wattenwyl 
liave greatly elucidated this subject. The latter of these two 
distinguished naturalists has recently publislied ^ a revision of the 
system of Orthoptera, which will be of great assistance to those 
who may wish to study these Insects. We therefore reproduce 
from it the characters of the tribes, placing the portion relating 
to each family at the end of our sketch thereof. 

Pam. I Porflculidae—Earwigs. 

(dermaptera or dermatoptera of brauer and others) 

Insects of elongate form, with an imbricate arrangement of the 

segments of the body; bearing at 
the posterior extremity a pair of 
cMllipers or more distorted instil¬ 
ments. The hind wings (wh e 7 i 
present) folded in a comjdex 
manner, and covered, except at their 
tips, by a pair of short whig-covers 
{tegmina), of a leather-like consist¬ 
ence. Wingless forms are very 
numerous. The young is vei*y 
similar to the adult. 

Although earwigs are said to be 
rare in most parts of the world, yet 
in Europe no Insect is better known 
Pio. 102.— Pygidicrana hugdi. than Forficula auricularia, the common 

earwig, it being very abundant even in 
gardens and cultivated places. In certain seasons it not un- 
frequently enters our houses, in which case it too often falls a 
* Ann. Mm. Oenova, zxxiii. (1S92). 
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victim to prejudices that have very little to justify them. This 
Insect is a good type of the winged earwigs. In the parts of 
the mouth it exhibits the structures usual in the Orthoptera ; 
there is a large labrurn, a pair of maxillae, each provided with two 
lobes and a palpus consisting of two very short basal joints and 
three longer joints ]>eyond these ; the mandibles are strong, with 
curvate pointed extremities; in the lower lip there is a ligula 
exposed in front of a very large mentum; it consists of two 
pieces, not joined together along the middle, but each l)earing on 
its lateral edge a palpus with two elongate joints and a short 
basal one ; this lip is completed by the lingua, which reposes 
on the upper face of the part, and completely overlaps and 
protects the chink left by the want of union along the middle 
line of tlie external jiarts of the lip. The antennae are elon¬ 
gate, filiform, and are borne very near the front of the exserted 
head. There are rather large facetted eyes, but no ocelli. The 
three segments of the thorax are distinct, the prothorax being 
quite free and cajiable of movement indeixmdent of the parts 
behind it: the meso- and meta-nota are covered by the tegmina 
and wings ; these latter project slightly from underneath the 
former in the shape of small slips, that are often of rather lighter 
colour; the wing-covers are short, not extending beyond the 
insertion of the hind legs, and repose flat on the back, meeting 
together in a straight line along the middle. These peculiar 
flat, abbreviated wing-covers, with small slips (wdiich are portions 
of the folded wings) projecting a little from underneath them, 
are distinctive marks of the winged Forficulidae. 

The legs are inserted far from one another, the coxae being 
small; each sternum of the three thoracic segments projects 
backwards, forming a peculiar long, free fold, underlapping the 
front part of the following segment. The hind body or abdomen 
is elongate, and is formed of ten segments; the number readily 
visible l)eing two less in the female than it is in the male. 
The segments are fitted together by a complex imbrication, 
which admits of greiit mobility and distension, while offering a 
remarkable power of resistance to external pressure : each 
segment is inserted far forward in the interior of that preceding 
it, and each also consists of separate upper and lower plates that 
much overlap where they meet at the sides (see Fig. 103). The 
body is always terminated by a pair of horny, pincer-like 
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The structure of the 
considerable discussion. 



processes, which are differently shaped according to the sex of 
the individual. 

abdomen in the earwig has given rise to 
In Fig. 103 we reproduce Westwood’s 
diagram of it as seen fully distended 
in a female specimen; in this state the 
minute spiracles can be detected, though 
in the normal condition of the body 
they cannot be seen, being placed on 
the delicate membranes that connect 
the chitinous plates. Westwood’s inter¬ 
pretation of the structure was not, how¬ 
ever, quite correct, as the part which 
he considered to be the first dorsal 
plate is really the second; so that the 
Pio. 103.— Lateral view of For- segments numbered 7> 8, 9 ill our 

ficuiaaiiricaiaHaU Female fianre are really 8, 9, 10. The com- 
aodonieu distendea showing ^ ... 

spiracles, s, and the small moii earwig IS interesting as exhibit- 
(r'and^S ill Fig imperfect state, the union 

of the first dorsal plate of the abdo¬ 
men with the thorax; a condition which is carried to so 
great an extent in the Hyrnenoptera as to quite obscure the 
nature of the parts, and which has consequently given rise to 
much jierplexity and discussion. We repre¬ 
sent this structure as seen in the common 
earwig in Fig. 104, where a represents the 
pronotum, b the mesonotum, c the metanotum, 
d the first,/ the second abdominal segment; 
e being a delicate membrane of considerable 
size that intervenes between the two, and 
which is more exposed than are the corre¬ 
sponding membranes connecting the subse¬ 
quent rings; a condition similar to that which 
is found in Cimbex, Cephus, and some other 
Hyrnenoptera, 

On the under surface of the abdomen of the 
^rwig the full number of 10 plates cannot be superficially dis¬ 
tinguished; but it is found by dissection that in the female the 
short eighth and ninth dorsal rings are joined on the ventral aspect 
by a delicate membrane, while the tenth ventral is of a less delicate 



Fio. 104.—Doraal por¬ 
tions of the middle 
segments of body of 
Forjicvla aurictd- 
aria (tegmina and 
wings removed). 
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nature, and forms a triangular plate at the base of each half of 
the forceps. Between the branches of the forceps there is a per¬ 
pendicular plate, the pygidium of Orthopterists, possibly the 
unpaired terminal portion of the body seen in some embryos, and 
called the telson. The pygidium is a separate sclerite, though 
it looks as if it were only a portion of the large tenth dorsal 
plate bent downwards, and in some descriptive works is errone¬ 
ously descril)ed ets being such. 

A very large number of species of Forficulidae have the 
organs of flight undeveloped. Fig. 105 represents Chelidura 
dilataia, an apterous form that is very com¬ 
mon in the Eastern Pyrenees. The condition 
of the meso- and ineta-nota—the parts from 
which the tegmina and wings are developed, 
and to which they are attached when present 
—is very remarkable in these forms, and 
exhibits much variety. In Fig. 106 we 
represent the conditions of these parts in 
a few apterous forms. The tegmina or the 
segment from which they are developed (?>), 
are seen in the shape ot a plate which may aUataUi, male. Pyrenees, 
extend all across the middle and be undi¬ 



vided (No. 4); in which case the appearance indicates entire 
absence of the tegmina; these are, on the contrary, evidently present 
in the form of slips grafted one to each side of the second thoracic 
segment in Anisolahis (No. 3); or they may look like short 

broad slips extending all 



Fio. 106.—Tegmina and wings (visible in part or 
invisible) of apterous earwigs. 1, Chelidura sp.; 
2, Chdidura dilatcda; 3, Anisitlabia moesta; 
4. A» maritivML, a, First thoracic segment; 6, 
second ; c, third ; d, basal |)ortion of abdomen. 


across the bixly, and mark¬ 
ing off a piece frequently 
calledascutellum, but which 
is really the inesonotum 
(some species of Chelidura, 
as No. 2); or, again, they 
may be nearly free teg¬ 
mina, somewhat similar to 
those of the winged forms ; 


this is the case with some species of Chelidura, as represented 


by No. 1. This last figure is taken from a species from the 


Sierra Nevada, apparently undescribed, allied to C. holivari. 


In the cases we are considering no analogous structures exist on 
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the metanotum (the part of the body that in the winged forms 
bears the wings, and which is marked c in our diagrams, Fig. 
106), so that tlie tegmina are to all appearance less rudimentary 
(or vestigial) than the wings. The metanotum forms a sort of 
flap, called by Fischer ^ “ involiicrum alarum ”; he con>sidered 
the part immediately behind this to be the metanotum; this 
piece is, however, no doubt really part of the abdomen {d in our 
Figure). This is apparently the view taken by Brunner.*^ The 
structure of these parts is important as bearing on the subject 
of the nature and origin of Insects* wings, a question to which 
no satisfactory answer has yet been given. The appearances 
we have remarked on are to some extent similar to the con¬ 
ditions existing in the immature state of tlie organs of flight in 
the common earwig (see Fig. 112, p. 212), but wlietlier the 
varieties presented by the wingless forms luive parallels in the 
immature conditions of the various winged forms is (piite 
uncertain, the life-histories of earwigs being almost unknown. 

The developed wings of earwigs are worthy of attention, 
both as regards their actual structure and the manner in which 

they are folded up in repose. When 
expanded they have a shape curiously 
suggestive of the human ear. The chief 
parts of the wing, as shown in Fig. 107, 
A, are a, h, two portions of the liorny 
piece that forms the scale which covers 
the more delicate parts of the wing 
when it is folded, and which, according 
to Brunner, represents the radial and 
ulnar fields of the wings of Acridiidae 
and Locustidae (see Fig. 107); c is 
the small apical field limited Ijelow 
by the vena dividens; d is the vena plicata which runs 
along the under side of the scale as far as the apical field, 
where it gives off* the axillary nerves; e is a vena spuria, or 
adventitious vein such as exists in many other Orthoptera 
with delicate wings. On the front part of the scale, a, and 
on a different plane so that it is not shown in our figure, 
there is a very delicate small band which is supposed to repre- 

' Orthoptera Europaea^ 1853, pi. vi. f. 4, p. 434. 

* Morph, Bedevl. Seg, Orthopt, 1876, p. 14; and Frod. Orihopt, Europ. 1882, p. 3. 
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Fra. 107.—Wing of Forjicula 
auricularia. A, Wing ex¬ 
panded, explanation in text; 
B, wing folded and packed. 
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sent the marginal field of the wing of other Orthoptera. There 
are, however, grave difficulties in the way of accepting this view 
of the earwig's wing, amongst which we may mention the 
position of the vena dividens and its relation to the so-called 
radial and ulnar fields of the wing. The wings are remarkable 
for their delicacy; moreover, the way in which they fold up so 
as to be packed in the manner shown in B, Fig. 107, is very 
interesting, there being, in fact, no other Insects that fold up 
their wings in so complicated and coini>act a fashion as the 
earwigs do. The process is ciirried out somewhat as follows: the 
longer radii come a little nearer together, the delicate membrane 
between them falling into folds somewhat like those of a jjaper 
fan; a transverse fold, or turn-over, then occurs at the point 
where tlie radii, or axillary nerves, start from the vena plicata; 
then a second transverse fold, but in a reversed direction, occurs 
affecting the wing just close to the spots where the shorter 
radial nervures are dilated; then by a contraction close to the 
scale the whole series of complex folds and double are brought 
together and compressed. 

It is quite a mystery why earwigs should fold their wings 
in this complex manner, and it is still more remarkable that 
the Insects very rarely use them. Indeed, though Forjicida 
auricularia is scarcely surpassed in numbers by any British 
Insect, yet it is rarely seen on the wing; it is probable that 
the majority of the individuals of this species may never make 
use of their organs of flight or go througli the complex process 
of unfolding and folding them. It should be remarked that no 
j)art of the delicate membranous expanse of the wing is exposed 
when the wings are packed in their position of repose; for the 
portion that projects from under the tegmina—and which, it 
will be remembered, is always present, for when wings exist 
in earwigs they are never entirely concealed by the tegmina— 
is, it is curious to note, of hard texture, and is frequently coloured 
and sculptured in harmony with the tegmen; in fact, one small 
part of the wing forms in colour and texture a most striking 
contrast to the rest of the organ, but agrees in these respects 
with the wing-covers. This condition is seen in Fig. 108, 
where B shows the sculpture of the tegmina t, and of the 
projecting tips of the wings w. There are numerous other 
instances in Orthoptera where one part of a wing or wing-case 
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is exposed and the other part concealed, and the exposed portion 
is totally different in colour and texture from the concealed 
portion. 

The wings of earwigs are attached to the body in a very 
unusual manner; each wing is continued 
inwards on the upper surface of the 
metanotum, as if it were a layer of the 
integument meeting its fellow on the 
mesial line; the point of contact forming 
two angles just behind the metanotum. 

Some writers have considered that the 
tegmina of earwigs are not the homologues 
of those of other Orthoptera, but are really 
tegulae (cf. Fig. 56, p. 103). We are not 
aware that any direct evidence has been 
produced in support of this view. 

The pair of forceps with which the 
body is armed at its extremity forms 
another character almost peculiar to the 
earwigs, but which exists in the genus 
Japyx of the Thysanura. These forceps 
W different genera of the 

line of the Insect ; B, family; they Sometimes attain a large size 
“"d assume very extraordinary and dis- 
similar sculpture. torted shapes. They are occasionally used 

by the Insects as a means of completing the process of packing 
up the wings, but in many species it is not probable that they 
can be used for this purpose, because their great size and peculiarly 
distorted forms render them unsuitable for assisting in a delicate 
process of arrangement; they are, too, always present in the wingless 
forms of the family. Their importance to the creature is at 
present quite obscure; we can only compare them with the 
horns of Lamellicorn Coleoptera, which have hitherto proved 
inexplicable so far as utility is concerned. No doubt the 
callipers of the earwigs give them an imposing appearance, and 
may be of some little advantage on this account; they are not 
known to be used as offensive instruments for f ghting, but they 
are occasionally brought into play for purposes of defence, the 
creatures using them for the infliction of nips, which, however, 
are by no means of a formidable character. 
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These forceps are, in the case of the common earwig—and they 
have not been studied from this point of view in any other 
species—remarkable, because of the great variation in their 
development in the male, a character which again reminds us 
of the horns of Lamellicorn beetles: in the female they are 
comparatively invariable, as is also tho 
case in the few species of Lamellicoiiiia, 
which possess horned females. A and 
B in Figure 109 represent the forceps 
of different males of the common earwig, 

C showing those of the other sex. The 
subject of the variation of the male 
callipers of the e^irwig has been con¬ 
sidered by Messrs. Bateson and Brind- 

ley,^ who examined 1000 sj)ecimens male; B, of small male; 

cajitured on tlie same day on one of the of female. 

Fame islands off the coast of Northumberland ; 583 of these were 
mature males, and the j)incers were found to vary in length 
from about 2^ mm. to 9 mm. (A and B in Fig. 109 repre¬ 
sent two of the more extreme forms of this set of individuals.) 
Sj)ecimens of medium size were not, as it might perhaps have 
been expected tliey would l>e, the most common; there were, 
in fact, only about 12 individuals having the forceps of the 
medium length—4|- to 5^ mm., while there were no less than 
90 individuals having forc^^ps of a length of about 7 mm., and 
120 with a length of from 2| to 3J. Males with a mediiun 
large length of the organ and with a medium small length 
thereof were the most abundant, so that a sort of dimorphism 
was found to exist. Similar relations were detected in the 
length of the horns of the male of a Lamellicorn beetle examined 
by these gentlemen. In the case of the set of earwigs we liave 
mentioned, very little variation existed in the length of the 
forceps in the female sex. 

In many earwigs—including aurictUaria —there may be 

seen on each side of the dorsal aspect of the true fourth, or of the 
fourth and neighbouring segments of the hind body a small 
elevation, called by systematists a plica or fold, and on examina¬ 
tion the fold will be found to possess a small orifice on its 
posterior aspect. These folds are shown in Fig& 105 and 108; 

^ Proc, Zool, Soe, Loiuiott, 1S02, p. 586. 
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they have been made use of for purposes of classification, though 
no functional importance was attached to them. Meinert, 
however, discovered ^ that there are foetid glands in this 
situation, and Vosseler has recently shown ^ that the folds are 
connected with scent-glands, from which proceed, in all pro¬ 
bability, the peculiar odour that is sometimes given off by the 
earwig. The forms destitute of the folds, e.g. Lahidura, are 
considered to liave no scent glands. There is a very peculiar 
series of smooth marks in the earwigs on the dorsal asj)ect of 
the abdominal segments, and these are present in the glandless 
forms as well as in the others. 

The internal anatomy has been to some extent investigated 
by Diifonr and Meinert. Dufoiir dis¬ 
sected F, aurindaria and Lnhidura rijyaria, 
and found® that salivary glands exist in 
the latter Insect (called by him Forjicvla 
gigantea), thougli he was unable to discover 
them in the common earwig. According 
to Meinert,^ there are, however, Siilivary 
glands affixed to the stipes of the maxillae 
in F, auricularittf wliile (in addition ?) X. 
riparia possesses very elongate glands seated 
in the middle or posterior part of the breast. 
The alimentary canal is destitute of con¬ 
volutions, but esophagus, crop, and gizzard 
all exist, and the intestine beliind the 
stomach consists of three divisions. The 
Malpighian tubes are numerous, 30 or 40, 
and elongate. The respiratory system is 
not highly developed. Earwigs—the Euro¬ 

pean species at least—have, as already mentioned, very small 
powers of flight; the tracheal system is correspondingly small, 
and is destitute of the vesicular dilatations that are so remarkable 
in the migratory Locusts. 

The three thoracic spiracles ® are readily observed in living 

' NaturhistorUk Tidsskri/t, 3rd ser. ii. 1868, p. 475. 

* Arch. mikr. Anat. xxxvi. 1890, p. 566. 

* Ann. Sci, NcU. xiii. 1828, p. 337. 

^ Naturhistorisk Tidsakrift, 3rd ser. ii. 1863, p. 476. 

® Some writers are of opinion that there are only two thoracic spiracles in Insects, 
considering the third as belonging really to the abdomen. Looking on the point as 



Fio. 110 .—LaMdura ripa^ 
rUit male. Europe. 
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individuals. There are seven pairs of abdominal spiracles, which, 
however, are very minute, and can only he found by distending 
the body as shown in Fig. 103. The ventral chain consists of 
nine ganglia (the sub-oesophageal centre is not alluded to by 
Dufour); the three thoracic are equidistant and rather small; 
the hindmost of the six abdominal ganglia is considerably larger 
than any one of the other five. 

The ovaries of Labidura riparia and Forjicula auricularia are 
extremely different. In Z. riparia there 
tubes, each terminating separately in an 
obliquely directed lateral part of the 
oviduct. In F. aiiricularia there is but 
one tube on each side, but it is covered 
by three longitudinal series of very short 
sub-sessile, grape-like bodies, each of the 
two tubes being much dilated behind the 
point where these Ijodies cease. 

The testes in earwigs are peculiar and 
simple; they consist, on each side, of a 
pair of curvate tubular bodies, connected 
at their bases and prolonged outwards in 
the form of an elongate, slender vas de¬ 
ferens. The structures in the males of 
several species have been described at 
some length by Meinert,^ who finds that 
in some species a double ejaculatory duct 
exists. 

The young is similar to the adult in 
form; in the winged forms it is always 
easy to distinguish the adult by the full 
development of the wings, but in the 
wingless forms it can only be decided 
wdth certainty that a specimen is not adult by the softer and 
weaker condition of the integuments. Scarcely anything appears 
to be known as to the life-history, except a fewr observa¬ 
tions that have teen made on the common earwig; Camerano 
found ^ that this Insect has certainly three ecdyses, and possibly 
at present chiefly one of nomenclature, we make use of the more usual mode of 
expression. 

^ As on last page, and also eii, v. 1868, p. 278. 

^ Bull, Shu, Ital, xii. 1880, p. 46. 


are on each side five 



Fio. 111.—Ovaries of Labi- 
dura riparia^ A ; and For¬ 
jicula auriculariay B. 
(After Dufour.) 
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Fia. 112.—Notal plates from which 
the tegrniua and winiE^ of Forji- 
cula auriciflnria are developwl in 
young. A, and more advanced, B, 
nymph. 


an earlier one which he failed to notice, and his observa¬ 
tion confirms the vague previous statement of Fischer. The 
eggs, in the neighbourhood of Turin, are deposited and hatched 
in the early spring; in one case they were laid on the 10th 
March, and tlie Insects issuing from them had completed their 
growth and were transformed into perfect Insects on the 22nd 

May. In the immature state the 
alar structures of the future imago 
may be detected. The tegmina-bear- 
ing sclerites, t, Fig. 112, look then 
somewhat like those of some of the 
apterous forms (Fig. 106) and, as 
shown ill A and 11, Fig, 112, do not 
differ greatly in the earlic^r and later 
stages. The wings, howov<*r, change 
mucli more tlian tlie tegmina do ; 
at first (Fig. 112, A) there is 
but little difference between the two, though in the interior of 
the wing-flap some traces of a radiate arrangement can l>e sc^en, 
as shown at W in A, Fig. 112 ; in a subscMjuent condition the 
wing-jiads are increased in size and are more divided, the apj>ear- 
ance indicating that tlie wings themstdves are present and packed 
about a centre, as shown in JF of B, Fig. 112. 

In the young of the common earwig the numl)cr of joints ^ in 
the antennae increases with age. Camerano, /.r., siiys that bc*fore 
emergence from the egg there are apparently only 8 joints in the 
antennae, and Fischer states that the larvmj of K aiiriritlaria 
have at first only 8 antennal joints; later on 12 joints are 
commonly found, and, according to Biiteson,^ this numlxu* 
occasionally jxjrsists even in the adult individual. Meinert says* 
that the newly hatched Forficula Inus either 6 or 8 jf^ints, and 
he adds that in the later portion of the preiMiratory stage the 
number is 12. Considerable disctrepaney prevails in l»ookH os tq 
the normal numl^er of joints in the antennae of the lidult R 
auricularia, the statements varying from 13 to 15. The latter 
number may be set aside as erroneous, although it is, curiously 


* It may be worth while to re|)eat that **joint” means a piece, and U the 
equivalent of link ” in a chain. 

* MaUrUitafar Ute Study of Variation, 1894, p. 413. 

* AaiurhiU, Tidakrift^ 3rd ser. ii. 1863, p. 474. 
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enough, the one given in the standard works of Fischer, Brunner, 
and Finot Meinert gives without hesitation 14 as the numljer; 
Bateson, Z.c., found that 14 joints occurred in 70 or 80 i)er cent 
of adult individuals, that 13 was not uncommon, that 12 or 11 
occasionally occurred, and that the numl>er may differ in the two 
antennae of the same individual. These variations, which seem 
at first sight very remarkable, may with proljability be con¬ 
sidered as due to the fact that in the young state the numljer 
of joints increases with age, and that the organs are so fragile 
that one or more of the joints is very frequently then lost, the 
loss l)eing more or less completely repaired during the subse¬ 
quent development. Thus a disturbing agency exists, so that the 
normal numljer of 14 joints is often departed from, though it 
apixiars to l)e really natural for this sfKKues. Biiteson lias also 
jKiinted out that when the normal numljer of articulations is not 
present, the relative proportions of joints 3 and 4 are much dis- 
turljed. It is, however, probable that the increiise in niuiil)er of 
the joints takes place by <Uvision of the third or third and fourth 
joints following jirevious growth thereof, as in Termitidae; so 
that the variations, as was suggested by Ikiteson, may Ikj due to 
mutilation of the antennae, and consequent incompletiou of the 
normal form of the pirts from which the renovation tiikes place; 
growth preceding segmentation—in some ciises the growth may 
Ixj like that of the adult, wliile the segmentation remains more 
incomj)lete. In the young the forceps of the two sexes ditter but 
slightly; the form of the aljdorainal rings is, on the contrary, 
according to Fischer, already different in the two sexes in the 
early stiige. 

The common earwig luis a very bad repiiUition with gardeners, 
who consider it to l»e an injurious Insect, hut it is proljuble that 
the little creature is sometimes made the scain^go^it for damagt" 
done by other animals; it appears to lie fond of sweets, for it 
often makes its way to the interior of fruits, ami it no d**ubt 
nibbles the petals, or other delicate jiarts of flowx^rs and vegetables, 
Cainerano, however, states, Lc,, that the specimens he kept in 
confinement preferred dead Insects rather than the fruits he 
offered them. Ruhl considers the earwig to be fond of a car¬ 
nivorous diet, eating larvae, small snails, etc., and only attacking 
flowers when these fail.' It has a great propensity for concealing 
' Ml Schweiz, cnt. Ots, vii. 1887, p. 810, 
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itself in places where there is only a small crevice for entry, and 
it is possible that its presence in fruits is due to this, rather than 
to any special fondness for the sweets. This habit of concealing 
itself in chinks and crannies in obscure places makes it an easy 
matter to trap the Insect by placing pieces of hollow stalks in 
the situations it affects; inverted flower-pots with a little hay, 
straw, or paper at the top are also effectual traps. We have 
remarked that it is very rarely seen on the wing, and though it 
has been supposed to fly more freely at night there is very little 
evidence of the fact. Another Britisli sjKH^ies, Labia mhwry a 
smaller Insect, is, however, very commonly seen flying. 

Earwigs have the reputation of Inking fond of their young, and 
Camerano de8cril)es the female of the common cmrwig a.s carefully 
collecting its eggs when scattere<l, lifting tliem with its mandibles 
and placing them in a heap over which it afterwards bnxjded. 
De Geer ^ more tliau a century ago observinl a fondness of the 
mother for the young. After the eggs were hatcliod, Gameranos 
individual, however, evinced no interest in the young. A larger 
species, LahUlura riparia (Fig. 110) is wiid to move its eggs from 
place to place, so as to keep them in situations favourable for 
their development. 

The name earwig ” is mid to lie due to an idea that these 
creatures are fond of jxjnetrating into the ears of j)ersons when 
asleep. Hence these Insects were formerly much dreaded, owing 
to a fear that they might i)enetrute even to the brain. There 
d(xjs not apixjar to be on record any occurrence that could justify 
such a dread, or the l)elief that they enter the ears. If they 
do not do so, it is certainly a curious fact that a sujHU'stition of 
the kind we have mentioned occurs in almost every country 
where tlie common earwig is al)undant; for it has, in most 
parts of Europe, a iK)pular name indicating the prevalence of 
some such idea. It is known as Ohren^wurrn in German, as 
perceyreille in French, and so on. The expanded wing of the 
earwig is in shape so very like the human ear, that one is 
tempted to 8upiw)8e this resemblance may in former ages have 
given rise to the notion that the earwig has some connexion with 
the human ear; but this explanation is rendei’ed very improlmble 
by the fact that the earwig is scarcely ever seen with its wings 
expanded, and that it is a most difficult matter to unfold them 
* J/m. hist. Inaeetes, iii. 1778, p. 548. 
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artificially, so that it is very unlikely that the shape of the wings 
should have l)een observed l)y untutored peoples. 

The group Forficulidae s(‘eiiis to l>e most rich in species in 
warm and tropical regions; several unwinged 8j)ecies are met 
with in the mountainous districts of Eurojie; indeed, in some 
spots tlieir individuals are extremely numerous under stones. In 
Britain we have a list of six sjiecies, but only two of these are 
to be met with; the others have probaldy been introduced by 
the agency of man, and it is doubtful whether more than one 
of these immigrants is tu'tually naturalised here. One of these 
doubtfully native si)ec*ie8 is the fine Lahidura riparia (Fig. 110), 
which was formerly found near Bournemouth. Altc>gether about 
400 s^H^cu^s of earwigs are known at the ]>re8(mt time, and 
as they are usually much neglected by Ins(*ct collectors, it is 
certain that this numl»er will Ixi very largely increased, so that 
it would be a modtu*ate estiinaU^ to put the numl)er of existing 
sjH.»cies at about 2000 or 3000. Xone of them attain a very 
large size, Psfdis amerintnn Ijeing one of the largest and 
most robust of the family; a few display brilliant colours, and 
some exhibit a colour ornamentation of the surface; there are two 
or tliree sjH'cies known that display a general resemblance to 
Ins(H'ts of other Orders. I'he remarkable earwig re}>resented in 
Fig. 102 (and which ap]H‘ars to a nondesc*ript form—either 
s])ecies or variety—cdostdy allied to ]\ viarmoriamda) was found 
by Banin von Hiigel on the mountains of Java ; the femora in 
this Insect have a broad face which is turned upwards instead of 
outwards, the legs taking a iHKudiar jMisition; and it is curious 
that this expostnl surhice is ornamented with a pattern. The 
fwiture that most attracts attention on insjuTting a collection of 
earwigs is, however, the foiveps, and this is the most marked 
(Millective chanuder of the group. Thest', curious organs exhibit 
a very great variety; in some crises they are a.s long iis the whole 
of the rest of the IwHly, in others they are provided with tynes; 
sometimes they arc quite asymmetrical, as in Afiisolahis tnsmanka 
(Fig. 113); in Opisfhocosmia crrri/u/i/a, ami many others they 
are curiously distorted in a variety of ways. The chissification 
of the eiirwigs is still in a rudimentary sUite ; the number of 
joints in the antennae, the form of the ftH?t, and (in the terres¬ 
trial forms) the sluq)e of the rudimentary wing-c^ises and wings 
being the chanu'.ters that have l>een made most use of by syste- 



2I6 


ORTHOPTERA 


CHAP. 


matists; no arrangement into sub-families or groups of grater 
importance than genera is adopted. 

The only particulars we have as to the embryological develop¬ 
ment of the earwig are due to Heymoiis.' Tlie forceps spring 
from the eleventh abdominal segment, and 
represent the cerci of other Orthoptera. An 
egg-tooth is found to be present on the 
head for piercing the egg-shell. The embryo 
- reverses its curved position during the de¬ 
velopment, as other Orthoptera have Ijeen 
observed to do, but in a somewhat different 
manner, analogous to that of the Myriapods. 
y£ 7 Several fossil Forficulidao are known; 
8i)ecimens belonging to a peculiar genus 
have been described from the liower Lias of 
Aargau and from the Jurassic strata in 
Eastern Siberia, but the examples appir- 
ently are not in a very siitisAic’toi’y state of 
preservation. In the Tertiary formations earwigs have 1>een 
found more frequently. Scudder luis descrilxjd eleven sjxKiies of 
one peculiar genus from the Ix)wer Miocene l)eds at Florissant in 
Colorado; some of these 8i)ecimen8 have lx?en found with the 
wings expanded, and no doubt that they were fully developed 
Forficulidae can exist. The fossil 8j)ecies of earwigs as yet known 
do not display so remarkable a development of the forceps tis 
existing forms do. 

Brauer and others treat the Forficulidtu* as a separate Order 
of Insects—Dermaptera—but the only structural chanicU^rs 
that can be pointed out as special to the group are the peculiar 
form of the tegmina and hind wings—which latter, as we have 
said on p. 206, are considered by some to Ije formed on essentially 
the same plan as those of other Orthoptera—the imbrication of 
the segments, and the forcieps terminating the body. The develop¬ 
ment, so far as it is known, is that of the normal Orthoptera. 
Thus the Forficulidae are a very distinct division of Orthoptera, 
the characters that separate them being comjiaratively slight, 
though there are no intermediate forms. Some of those who treat 
the Dermaptera as a sub-Order equivalent to the rest of the 
divisions of the Order, call the latter combination Euorthoptera. 

* SB, 0€$, naturf. Ft, Berlin, 1893, p. 127. 
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Fam. II. Hemimeridae. 

Apterousy blind Insects with exserted head, having a constricted 
neck, mouth placed quite inferiorly ; the 
thoraxic iwta large, imbricate. Hind 
body elongate, the segments imbricate, the 
dorsal plates being large and overlapping 
the ventral; the number of visible seg¬ 
ments being different according to sex: 
a pair of long unsegmented cerci at the 
extremity. Coxae small, undely sej>ar- 
ated. Development intra-uttrine. 

In describing the labium of Maiidibulata, 
p. 97, we alluded to the genus Heminiervs as 
reputed to possess a most |X‘culiar mouth. 

When our remarks were maile little was 
known about this Insect; but a very valuable 
pajw' by Dr. H. J. Hanstm on it has since 
HpjK'ared, corrcK.*ting some errors and supply¬ 
ing us with information on numerous points. 

M. de Saussure descrilMMl the Insec't as possess- Tfeimmerns 

ing two lower li|)8, each l>e«aring articulated female. Africa, 

palpi, and he therefore pro]M>sed to treat Hausen.) 

Hemimerus as the ret)resentative of a distinct Order (»f Tnst*cts. 
to be called Diploglossjita. It now apj)ears that the talented 

Fuj. 115.—Fuller Mile of hea<l ami 
fi-out of prolhorax of Hemimerus. 
a, base of antenna ; b, articulation 
of antenna; e, labrum ; d, nuui- 
dible; e, condyle of inandible ; /, 
articular membrane of luamlible ; 
g, stitHjs of maxilla ; h, exterior 
lol)e ; palpu.s of maxilla ; k, siib- 
mentiim ; I, nientum ; m, terminal 
lobe of labium ; n, labial palp ; o. 
plate l)etweeii snbinentum and ster¬ 
num ; p, prosternnin ; 7 , cervical 
aclerites. (After Hansen.) 

Swiss entomologist was in this case det'cived by a kul prepara¬ 
tion, and that the mouth shows but little dejMirture fnmi the 
ordinary mandibulate type. There is a large iiiflexed labrum 
» Ent. TuUhr, 1894, p. 65, 
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the mandibles are concealed by the maxillae, but are large, com¬ 
pressed, and on their inner edge toothed. The maxillae are well 
developed, are surmounted by two lol»es and hear five-jointed palpi. 

The ligula appears to be broad and 
short, and formed of two parts loiigi- 
tudinally divided; the short palpi 
N consist of three segments. The men- 

( ^ 1 large. The lingua is 

present in the form of a free j)ube8cent 
^ smaller lobe on each 
^structure of the pleura is 

fwUy understood; that of the 
abdomen seems to V)e very like the 
earwigs, with a similar dilference in 
xt the sexes. The cerci are something 

^ like those of (rryllidae, being long, 

r. 11/1 Ti \ # rr • flcxihlc, Riid unsegmeiitcd. The legs 

Fig. 116.—Foetus of Hemimerus. * ^ ® 

(After Hanseu.) a, Antemm ; 6, have rather small coxae, and three- 

densely studded with fine hairs 
beneath, as in Coleoptera. It is difficult to detect the stigmata, 
but Dr. Hansen believes there are ten pairs. 

The species de8cril>ed hy Dr. Hansen as If. talpoides is prob¬ 
ably distinct from that of Walker, though both come from 
equatorial West Africa. Dr. 

Hansen's species, which may 

1)6 called //. hanseiiij has T 

been found living on tlie / /j5>/V^ 

body of a large rat, Crice- - - 

tomt/8 gamhianus ; the In- ^ 

sect occurred on a few speci- ^ ^ ^ 

mens only of the mammal, ^ ^ 

but when found was present W % 

in considerable numbers; it iT a \ / \ • 

runs with rapidity among ' \ f ^ \ 

the hairs and apparently 

also springs. The nature of nr.—HemijMrus talpoid^, Africa. (After 
. ^1.1 , de SauMure.) A, Up|)er; B, under surface. 

its food IS by no means clear. 

Not the least remarkable fact in connexion with this peculiar 
Insect is its gestation. The young are borne inside the mother. 
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apparently about six at a time, the larger one being of course 
the nearest to the orifice. Dr. Hansen thinks the young 
specimens are connected with the walls of the maternal passages 
by means of a pnxiess from the neck of each. But the details of 
this and other points are insufficiently ascertained; it is, indeed, 
difficult to understand how, with a ])roce88 of the kind of which 
a fragment is shown in Fig. 116, h, the Insect could fix itself 
after a detachment for change of position. The young is said 
to l)e very like the adult, but with a simpler structure of the 
antenmie and abdomen. On the whole, it appears proljalde that 
Hemivierus is, as stated by Dr. Hansen, a special family of 
Orthoptera allied to Forficulidae; further information both as to 
structure and development are, however, required, as the material 
at the disposition of the Swedish entomologist was very small. 




CHAPTER IX 


ORTIIOI»TEKA COXTiyf/E/} —BLATTIDAK, COCKUOACHES 

Fam. HI. Blattidae—Cockroaches. 

Orthoptera with the head dejlexed, in repoi^e concealed from above, 
being flexed on to the undersurface with the anterior part 
directed backwards. All the coxae large, free, entirely cover- 
ing the sternal surfaces of the three thoracic segments, as well 
(ts the base if the abdomen. The sternal selerites of the 
thoracic segments little developed, being weak and consisting 
of pieces that do not form a continMOus exo-skeleton; tegmina 
and wings extremely variable, sometimes entirely absent. 
The wings possess a definite anal region capable of fan-like 
folding ; rarely the wing is also transversely folded. The 
three pairs of legs differ but little from one another. 




Fig, 118 . — Hettrogamia 
aegyptiacu. A, male; 
B, female. (After 
Brunner.) 


The Blattidae, or cockroaches, are an extensive family of 
Insects, very much neglected by collectors, and known to the 
ordinary observer chiefly from the fact that a few species have- 
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become naturalised in various parts of the world in the houses of 
man. One such species is abundant in Britain, and is the 
" black beetle ” of popular language; the use of the word beetle 
in connexion with cockroaches is, however, entomologically in¬ 
correct. One or two members of the family are also well known, 
owing to their teing used as the " corpora vilia ” for students 
commencing anatomical investigation of the Arthropcxla ; for this 
purpose they are recommended by their comparatively large size 
and the ease with which an abundant supply of specimens may 
always Ije procured, but it must be admitted that in some respects 
they give but a poor idea of Insect-structure, and that to some 
jK^rsons they are very repulsive. 

The inhexed position of the head is one of the most character¬ 
istic features of the Blattidae; in activity it is partially released 
from tliis posture, but the nioutli does not appear to lie capable 
of the full extension forwards tluit 
is found in other Insects that inttex 
the liead in reimse. The labium 
is deeply dividcnl, the lingua forms 
a large lolie reposing on the cleft. 

Tiie maxillary palpi have two basiil 
short jf»ints, and thrcHJ longer 
joints Ijeyond tliesti; the labial 
palps consist of three joints of 
iTKKlerate length. The under- 
surftice of the head is formed in 
large part by the submeiitum, 
which extends back to the occipital 
foramen. 

Tlie front of the head is the 
asjiect that in repose looks directly 
downwards; the larger part of it 
is formed by the clyjieus, which is 
separated from the epicraniuiii 
by a very fine suture angulate 
in the middle; there is a large many-facetted eye on each 
side; near to the eye a circular spaces serves for the inser¬ 
tion of the antenna; close to this and to the eye there 
is a peculiar small area of paler colour, frequently membranous, 
called the fenestra, and which in the males of Corin and 



Fic3. 119.—Under-surface of Peri- 
planeia atisiralasiae, c, Coxae. 
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Heterogamia is replaced by an ocellus. The antennae are very 
elongate and consist of a large niiml)er of luinute rings or joints, 
frequently about 100. The head is not inserted directly in the 
thorax, as is the case in so many Insects; but the front of the 
thorax has a very large opening, thus the neck between it and 
the head is of more than usual importance; it includes six 
cervical sclerites. 

The pronotum is more or less like a shield in form, and 

frequently entirely conceals the head, and thus looks like the 

most anterior part of the Ixxly ; usually 

it has no marked angles, but in some of 

the apterous forms the hind angles are 

sharp and project l)ackwar(ls. In contrast 

to the pronotum the prosternum is small 

and feeble, and consists of a slender lateral 

strip on ejich side, the two converging 

behind to unite with a median i)iece, the 

prosternum proj^er. None of these piecxis 

of the ventral aspect of the prothorax an* 

ordinarily visible, the side-pieces Uung 

covered by the intlexed head, and the 

median piec?e by the great coxae. In 

some of the winged Blattidae {Blabera, e.g.) 

Fio. 120.— Base of front leg there is at the base of each anterior coxa 
and portion of prothorax 

of BUibera ffigantea. a, a Small Space Covered by a more delicate 
pronotum ^hat suggests the possibility 

epimcron?;(f,epistemnm?; of the existence of a seiisory organ there 

At tl» „t-aU,ve 

femur; presumed sense and behind—the front coxa the pro- 
thonicic spiracle is situate. 

The meso- and ineta-thoracic segments differ but slightly from 
one another; the notal or dorsal pieces are moderately large, 
while the sternal or ventral are remarkably rudimentary, and are 
frequently divided on the middle line. Connected with the 
posterior part of each sternum there is a piece, tent upwards, 
called by some anatomists the furca; when the sterna are 
’"divided the furca may extend forwards between them; in other 

^ This enigmatic structure is similar in position to the auml oriBce of Locustidao 
(see Fig. 101); but it is closed by a transparent membrane, whereas the ear orifice 
of Locustidae is, as we shall subsequently sec, quite open. 
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cases it is so obscure externally as to leave its existence in some 
doubt. 

The sterna in Blattidae are remarkable for their rudimentary 
structure. This is probably correlated with the great develop¬ 
ment of the coxae, which serve as shields to the lower part 
of the body. The pieces of the sterna are not only small, but 
are also of feeble consistence—semi-membranous, in fact—and 
appear like thicker portions of the more extensive and delicate 
membrane in which they are situate; they sometimes differ 
considerably in the sexes of the same species. The coxae have 
very large bases, and between them and the sterna are some 
pieces tliat are grooved and plicate, so that it is not easy to 
decide as to their distinctions and homology (Fig. 120). The 
sc^cond bre^ithing orifice is a slit placed in a horny area in the 
membrane between the middle and hind coxae. 

The legs are rcmarkalde fur the large and numerous spines 
lK)rne by the tibiae, and frequently also by the femora: 
the trochanters are distinct and of moderate size; the 
Uirsi are five - jointed, frecpiently the basal foiu* joints are 
furnished with a pad Ixmeath; the fifth joint is elongate, 
lK*ara two claws, and frequently between these a pro¬ 
jecting lol)e f>r arolium; this prtxiess scarcely exists in the 
young of Stylojjyga oriental is, the common cockroach, though 
it is well develojKHl in the adult. Tlie liind body or abdomen 
is always large, and its division into rings is very visible, but the 
exact numlier of these that can l)e seen varies according to age, 
st^x, s|>ecies, and to wliether the dorsal or ventnil surface be 
examined. The differences are chiefly due to the retraction and 
inflexion of tlie apical segments; the details of the form of these 
parts differ in nearly every sj)ecies. It is, however, considered 
that ten dorsal and ventral plates exist, though the latter are 
not so easily demonstrated as the former. The basal segment is 
often much diminished, the first dorsal plate Ix^ing closely con¬ 
nected with the metanotum, while the first ventr^ mav be still 
more rudimentary; much variety exists on this point. In the 
female two of the ventral terminal plates are frequently inflexeii, 
so as to be quite invisible without dissection. From the sides of 
the tenth segment spring the cerci, flat or compressed processes 
very various in size, length, and form, usually more or less 
distinctly jointed. Systematists call the seventh ventral plate of the 
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female the " lamina subgenitalisor the lamina subgenitalis 
spuria,” the concealed eighth plate being in this latter case con¬ 
sidered the true subgenital plate. In the male this term is 
applied to the ventral plate of the ninth segment, the corre¬ 
sponding dorsal plate being called the lamina supra-analis.” 
These terms are much used in the systematic definitions of the 
genera and larger groups. 

The males, in addition to the cerci alluded to as common to 
both sexes, are provided on the hind margin of the lamina 
subgenitalis with a pair of slender styles. These are wanting 
in the females, but in the common c(x?kroach the young in¬ 
dividuals of that sex are provided, like the male, with these 
peculiar organs. M. l*eytoureau has described^ the mode of 
their disappearance, viz. by a series of changes at the eedyses. 
Cholodkovsky, who has examined the styles, considers them 
to be embryologienlly the homologiies of true legs.^ These 
styles are said not to be present in any shajK? in some 8j>ecie8— 
Ectohia, Panesthia, etc.; this probably refers only to the adults. 
In some cases a curious uunditiuii «x.’cur8, inasmuch as one of 
the two styles is absent, and is replaced by a notch on the 
right side, thus causing an asymmetry— PhyUodromia, Temivop- 
teryx, etc. 

It has been found in several species that there are eight pairs 
of abdominal spiracles, making, with the two thoracic, ten pairs 
in alL The first of the abdominal spiracles is larger than the 
others, and in the winged species may be easily detected by 
niising the tegmina and wings, it l)eing more dorsal in ixjsition 
than those following, which are in some sjiecies exposed on the 
ventral surface owing to the cutting away of the hind angles of 
the ventral plates; but the terminal spiracles are in all cases diffi¬ 
cult to detect, and it is possible that the number may not be the 
same in all the species of the family. The cerci exhibit a great 
deal of variety. In the sjiecies with elongate tegmina and wings 
the cerci are elongate, and are like antennae in structure} in 
many of the purely apterous forms the cerci appear to bo entirely 
absent (cf. Fig. 130, Grompkadorhina), but on examination may 
be found to exist in the form of a small plate, or papilla scarcely 
protuberant. In the males of Heterogamia they are, on the 

* Hev. hUd. Kord Francf., vii. 1894, p. 111. 

* Ann. NiU. Hist. Deer. 6th, aer. x. 1892, p. 433. 
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contrary, very like little antennae; in the unwinged females of 
this genus they are concealed in a chink existing on the under¬ 
surface of the apex of the body. 

The alar organs of Blattidae are of considerable interest from 
several points of view. They exist in various conditions as 
regards size and development, and in some forms are very large; 
each tegmen in some species of the genus Blahera (Fig. 132) may 
attain a length of nearly three inches; in other cases wings and 
tegmina are entirely absent, and various intermediate conditions 
are found. In Fig. 121 we give a diagram of the tegmen or front 
wing, A, and the liind wing, B, to explain the principal nervures 
and areas. The former are four in number, and, adopting 


Brunner’s nomenclature ^ for 
them, are named proceeding 
from before backwtirds medi¬ 
astinal, a; radial, h; infra- 
median (or ulnar), c; and 
dividens, d. An adventitious 
vein, vena s])uria, existing in 
the hind wings of certain genera 
is marked sp in B. 

The vena dividens is of 
great imjiortance, as it marks 
off the anal or axillary field, 
which in both tegmen and 
wing has a different system of 
minor veins from what obtains 


a 



B 


intherestof the organ; the veins Fio. 121.—Diagram of tegmen, A, and 


being in the anterior region 
abundantly branchingand dicho¬ 
tomous (Fig. 132), while in the 
anal field there is but little 


wing, B, in Blattidae. Nervurea: a, medi¬ 
astinal ; by radial ; c, ulnar or infra¬ 
median ; dy dividens ; spy spuria. Area.s : 
1 , mediastinal or marginal ; 2, scapular 
or radial; 3, median ; 4, anal or axillary. 


furcation, though the nervures converge much at the base. The 
mediastinal gives off minor veins towards the front only, the radial 
gives off veinlets at first towards the front, but nearer the tip 
of the wings sends off minor veins both backwards and forwartls. 
The infra-median or ulnar vein is very variable; it is frequently 


^ Prod, Orth, europ, 1882, p. 27, and Bev, Syst. Orthopt, 1892, p. 15. Unforta- 
nately de Sauasure adopts a different nomenclature ; we have preferred BrunneFs as 
being more simple. 
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abbreviated, and on tlie whole is of subordinate importance to 
the other three. These latter thus form four chief areas or fields, 
viz.—1, mediastinal or marginal; 2, scapular or radial; 3, 
median; and 4, anal These nervures and divisions may be 
traced in a large number of existing and fossil Blattidae, but 
there are forms existing at present which it is difficult to reduce 
to the same plan. In Euthyrhapha, found in the Pacific Islands, 



the hind wings are long and project 
beyond the tegmina, and have a very 
peculiar arrangement of the nervures; 




YliiA'l'L—UiuphanaJUheri, Brazil. 


the species of Holocompm also possess 
abnormal alar organs, while the struc¬ 
ture of these parts in Diaphana (Fig. 
122) is so peculiar that Brunner 
wisely refrains from attempting to 
homologise their nervures with those 
of the more normal Blattidae. The 
alar organs are frequently extremely 
different in the two sexes of the same 
species of Blattidae, and the hind 


A, The Insect, natural size ; B, wing may differ iiiuch from the teg- 

“8 regards degree of departure 
from the normal. So that it is not 


a matter for surprise that the nervures in different genera cannot 
be satisfactorily homologised. 

But the most peculiar wings in the family are the folded 
structiures found in some forms of the groups Ectobiides and 
Oxyhaloides [Anaplectinae and Plectopterinae of dv'. Saussure]. 
These have been studied by de Saussure,' and in Fig. 123 we 
reproduce some of his sketches, from which it will be seen that in 
B and C the wing is divided by an unusual cross-joint into two 
parts, the apical portion being also longitudinally divided into 
two pieces a and h. Such a form of wing as is here shown has 
no exact parallel in any pf the other groups of Insects, though 
the earwigs and some of the Coleoptera make an approach to it. 
This structure permits a very perfect folding of the wing in 
repose. The peculiarities exhibited have been explained by de 
Saussure somewhat as follows. In the ordinary condition of 
Qrthoptera the axillary or anal field (P) when the wings are 


' Ann, Sei, Nat, Zool, zer. 5, x. 1868, p. 161. 
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closed collapses like a fan, and also doubles under the anterior 
part (H) of the wing along the line a a, in Fig. 123, A, the result 
being similar to that shown by our Fig. 124. It will be noticed 
in Fig. 123, A, that a small tri¬ 
angular area (t) exists at the tip 
of the wing just where the fold 
takes place, so that when the 
wing is shut this little piece is 
liljerated, as shown in t, Fig. 124. 

In many Blattidae, ag. Blahera 
(Fig. 132), no trace of this little 
intercalated piece can he found, 
but in others it exists in various 
degrees of development interme¬ 
diate Vietween what is shown in 
TJurrax parcelImut (Fig. 123, A) 
and in Anaplecta azteea (123, B), 
so that a, b of the latter may l>e 
looked on as a greater develop¬ 
ment of the condition shown in A 
at t. It will 1x5 noticed that the 
superadded part of the wing of 
123, B, possesses no venation, 

lx5ing traversed only by the line ^ 

, ® , . , . r 1 1 1 • 123.-~Hind wings of Blattidae. A. 

along which it folds; but m Thorax porcdlana; ^ Analecta 

the wing of Diploptera silplta, (AUer 

123, C, the corresponding part 

is complexly venated. This venation, as Brunner says,^ is not 
an extension of the ordinary venation of the wing, but is sui 
generis. It is curious that though all the degrees of develop¬ 
ment between A and B exist in various 
forms of the trilies Ectobiides and Oxyha* 
_ loides, yet there is nothing to connec*t tlie 

^ , veined apex of Diplopteni with the unveined 

Pio. 124.—Hind wing of r j 1 ^ 

Blatta folded. Freo ^1 Audplectd, 

triangular ai^ Ufusr The internal anatomy of Blattids has 

do Sauasure.) ^ 

been investigated in only one or two specues. 

There are no great peculiarities, but some features of minor 

interest exist. The alimentary canal (Fig. 125) is remarkable 

^ Nouv, Syst, Blaiiaires, 1865, p. 265. 
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on account of the capacious crop, and the small gut-like, chylific 
ventricle; eight elongate pouches are situate on this latter part 

at its junction with the gizzard. 

The Malpighian tubules are 
very numerous and delicate; there 
are extensive salivary glands and 
reservoirs; and on the anterior 
part of the true stomach there are 
eight caecal diverticula. The great 
chain of the nervous system con¬ 
sists in all of eleven ganglia—two 
cephalic, three thoracic, and six 
abdominal. 

The ovaries in Styloinjyh orient- 

alts consist each of eight egg-tulx?.8, 

placed at the j)eriphery of a common 

receptacle or oviduct, the pair of 

receptacles themselves opening into 

a common chaml)er—the uterus— 

which is surrounded l)y a much 

branching serific or colleterial gland. 

In this chamlKjr the egg-case is 

formed from the secretion of the 

gland just mentioned. According 

Fio. 125.—Alimentary canal of sij/io- to Miall and I)enny,* there is a 
pyga orienUdis. (After Du four.) «, i ^ ^ 

Hwid ; 5 , salivary glands ; r, saliv- spemiatheca wluch OlHJllS liot lllto 

ary reservoir; d, crop; «. diver- the uterus but into the clojlCJll 
ticula placed below proventnculus; i i i . r i i 

/. stomach; g, small intestine ; k, chamljer l)ehin<i it. Lowue doubts 

rectum; t, Malpighian tubes; k, this diverticulurii being a true 
extremity of hind body. ^ 

spemiatheca. The manner in which 

the eggs are fertilised and their capsule modelled is uncertain.^ 
The internal reproductive organs of the male are very com¬ 
plex in Siylojyyga orientcdis; each testis consists of a number 
(30 to 40) of vesicles placed on a tulie which is prolonged ’to 
form the vas deferens. There is a very peculiar large complex 
gland consisting of longer and shorter utricles, opening into the 
vesiculae seminales, and forming a ** mushroom-shaped gland.” ® 

^ The CockroaeJig p. 170. 

^ Cf. Duchamp, Rev, Sei, NcU, Montpellier ^ viL [?1879], p. 423. 

• Huxley, Manual Anal, Invert. AnimaU, 1877, p. 416. 
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This gland is much larger than the testes proper, which, it is 
said, lose early their functional activity in the 8j)ecie8 in question, 
and shrivel There is another important accessory gland, the 
conglobate gland of Miall and Denny, opening on a portion of 
the external copulatory armour. 

Although some species of Blattidae are domesticated in our 
houses, and their bodies have l)een dissected by a generation of 
anatomists, very little is known as to their life histories. Tlie 
common “ IJack ]x?etle ” of the kitchen is said by Cornelius to be 
several years in attaining the adult state. Observations made at 
Cambridge by tlie writer, as well as otliers now being carried on 
there ])y Mr. II. 11. Brindley, quite confirm this view, the extent of 
growtli accomj)lished in several months being surprisingly little, 
and the amount of food consumed very small. It is therefore not 
impr()bal>le that the life of an individual of this species may 
extend to five years. Phyllodromia germanica, a sj>ec‘ies that is 
alnindant in the dwellings of the peoples of north-eastern Europe, 
attains its full development in the course of a few months. 

We have already alluded to the fact that in the Blattidae the 
eggs are laid in a capsule formed in the interior of the mother- 
Insect, This capsule is a horny case varying much in size and 
somewhat less in form in tlie different species; it is borne about 
for some time by the mother, who may not 
infrcipiently be seen running alMiut with it ^ 
j>rotruding from the hinder part of the body. »—• 

Sooner or laU‘r the capsule is deposited in a ^ 
suitable situation, and the young coc'kroaches 
emerge; it is said that they are sometimes 
lilierated liy the aid of the mother. Mr. c |||p||||||^ 
Brindley has found it very difficult to pro- „ ^ 

4' 4-1 • 126 .—F^cg-oapsulea 

cure the hatching of the young Irom their of Euroix'au Biai- 
eapsules. ^ 

It is known that some Blattidae are drmnia gennunica; 
viviparous. In the casc^ of one such species, 

PaiwMora viridia, it apjiears probable that 

the egg-capsule is either wanting, or is present in only a very 

imperfect form.' 

On emerging the young Blatta is in genenil form very similar 
to the parent, though usually much piler in colour. After casting 
' Riley, Insect Li/e^ iii 1891, p. 448, and iv. 1891, p. 119. 
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the skill an uncertain number of times—not less than five, 
probably as many as seven—it reaches the adult condition, the 
clianges of outer form that it undergoes being of a gradual nature, 
except that at the last ecdysis the wings—in the case of the 
winged species — make their appearance, and the terminal 
segments of the body undergo a greater change of form. What 
mutations of shape may be undergone by the thoracic segments 
previous to the final production of the wings has not apparently 
been accurately recorded, Fischer’s opinion being evidently based 
on very slight observation. The little that has l>een recorded as 
to the post-embryonic development since the observations of 
Hummel ^ and Cornelius ^ will be found in the works of Brunner.* 
According to this latter authority, in the wingless 8i)ecies the 
terminal segments of the body have the same form in the early 
stages as they have in the adult state, so that this latter condition 
can only l>e recognised by the greater hardness of the integument. 
When tegmina or wings are present in a well-developed form in 
a Blattid, it is certain that the Insect is adult; and when there 
can be seen at the side of the mesonotum or inetanotum a piece, 
however small, separated by a distinct suture, it may l)e correctly 
assumed that the individual is an adult of a 8i)ecie8 having only 
rudimentary alar organs. The adult female of the common 
Stylopyga orientalis shows this phenomenon. 

The cockroaches are remarkable for the excessive rapidity 
with which they run, or rather mmry, their gait being very 
peculiar. The common domestic forms, when alarmed, disappear 
with great agility, seeking obscure corners in which to hide 
themselves, it being part of their instinct to flee from light. 
Hence they are called lucifugous, and are most of them entirely 
nocturnal in their activities. In the South of Europe and other 
warmer regions many Blattidae may, however, he found on bushes 
and foliage in the daytime; these, when alarmed, fall down and 
run off with such speed and in so tortuous a manner, that it 
is a very difficult matter to seize them. It is recorded that the 
males of the genus Heterogamia are attracted by lights, though 
their apterous females k^p themselves concealed underground in 
sandy places. 


' Essais enlomologiqties, St. Petersburg, 18*21. 

^ Beilriige zur naheren KenntnisB von PoriplaneUi orientalis^ Elberfeld, 1858. 
* Nouv, 8yd, Blaitaires^ 1865, p. 16, eto. 
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We may take this opportunity of alluding to the attraction 
that light exerts on Insects. Many species that conceal them¬ 
selves during the daytime and shun light as if it were dis¬ 
agreeable, are at night-time so fascinated by it that it is the 
cause of their destruction. The quantity of Insects killed in this 
way by electric and other bright lights is now enormous; in 
many 8]:)ecies the individuals immolate themselves by myriada 
It would appear that only nocturnal and winged species are so 
attracted. So far as we know, light has no fascination for Insects 
except when they are on the wing. The phenomenon is not 
understood at present. 

The food of Blattidae is believed to l)e of a very mixed 
character, though Brunner considers that dead animal matter is 
the natural nutriment of the members of this family. It is well 
known that the common cockroach eats a variety of peculiar 
substances; its individuals undoubtedly have the somewhat too 
economical habit of eating their own cast skins and empty egg- 
capsules, but in this they only act like many other much admired 
Insects. S. oriental is is gregarious, and the individuals are 
very amicable with one another; small specimens sit on, or run 
over the big individuals, and even nestle under them without their 
displaying the least resentment. The common cockroach is a 
rather amusing jx^t, as the creatures occasionally assume most 
comiail attitudes, esiKxdally when cleaning their limbs; this they 
do somewhat after the fashion of cats, extending the head as far 
as they win in the desired direction, and then passing a leg or 
antenna through the mouth; or they comb other parts of the 
iKxiy with the spines on the legs, sometimes twisting and distort¬ 
ing themselves considerably in order to reach some not very 
Jiccessible jwirt of the body. 

There is very little information extant as to the domestic 
Blattidjie found in jmrts of the world outside Europe, but it seems 
that there are numerous species that prefer the dwellings of man, 
even though they only tolerate the owners. Belt says ^ " the 
cockroaches that infest the hoiLses of the tropics are very wary, 
as they have numerous enemies—birds, rats, scorpions, and 
spiders; their long trembling antennas are ever stretched out, 
vibrating as if feeling the very texture of the air around them; 
and their long legs quickly take them out of danger. Sometimes 
* Naluraliat in Nicaragua^ 1874, 110. 
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I tried to chase one of them up to a corner where on a wall 
a large cockroach-eating spider stood motionless looking out for 
his prey; the cockroach would rush away from me in the 
greatest fear, but as soon as it came within a foot of its mortal 
foe nothing would force it onwards, but back it would double, 
facing all the danger from me rather than advance nearer to its 
natural enemy.” To this we may add that cockroaches are the 
natural prey of the fossorial Hymenoptera of the group Anipuli- 



of head ; B, female. The cerci are broken, in B the right one ia rentored in out¬ 
line. (After Bolivar.) 


cides, and that these wasps sometimes enter houses in search of 
the Insects. 

We have already noticed the considerable difference that 
exists in many cases between the sexes of the same species. 
This is sometimes carried to such an extent that nothing but 
direct observation could make us Ijelieve that the males and 
females are of one kin. Fig. 118 (p. 220) shows a ease of this 
" kind. Though the young as a rule are excessively similar to the 
adults, yet this is by no means invariably the case. In some 
of the more amply winged forms, such as Blahera, the young is 
about as different from the adult as the female of Heterogamia 
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is from its male. In Blattidae it is always the case—so far as 
is yet known—that when there is a difference as regards the 
alar organs between the two sexes, it is the male that lias these 
structures most developed, and this even when they can be of 
little or no use for purposes of fiiglit. 

Among the most interesting forms of the family are tlie two 
species of tlie genus Nocticola, recently discovered by M. Simon 
in caves in the Philippine Islands.' They are amongst the 
smallest of the Orthoptera, the male l>eing scarcely of an 
inch long. In the larval state of N. simoni the ocular organs 
exist {IS three (x^elli, or facets, on each side of the head, and in 
the jierfect state the number is increased somewhat, as shown in 
Fig. 127, A.^. In the second sj>ecies of the genus the female is 
cpiite blind (the male teing still undiscovered). The fenestras 
in Noetirola are abs^mt; the tegmina and wings are totally 
wanting in the female (Fig. 127, B), but are picsent in a very 
jieculiar condition in the iimle (Fig. 127, Aj). There {ire other 
anomalies in the structure of these eavernicolous Tnscx'ts, the 
cerci Ixung {ipp{irently of jKxuliar structure, {ind the spines of 
the legs more hair-like than usual. 

The condition of the eyes is remark- 
{ible; tlie iHiculi{irity in their de¬ 
velopment is worthy of study. 

To those who are {icquainted 
with Blattidae only through our 
domestic “ black lieetle ” it may seem 
absurd to talk of elegance in con¬ 
nexion with c(x*kroaches. Yet there 
are numerous forms in which grace 
and lie^iuty are atUiined, and some 
exhibit jxculiarities of ornamenta¬ 
tion that are worthy of attention. 

Corydia petiveriana (Fig. 128) is a 
common cockroach in Rist India. It 
has an effective system of coloration, i28.---Coryrfm/W/iy-rm with 
the under wings and the sides of 

the body being vividly coloured with orange yellow; when the 
tegmina are closed the upper surface of tlie body is of a velvet- 
black colour, with cream-coloured marks; these spots are dilVei'ont 
* See Bolivar, Ann. Soe. ent, -Fmucr, 1892, p. 29. 
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on the two tegmina, as shown in Fig. 128, A, but are so arranged 
that when the tegmina are closed (Fig. 128, B) a symmetrical 
pattern is produced by the combination of the marks of the two 
differently spotted tegmina. It is very curious to notice the 
great difference in the colour of the part of the right tegmen 
that is overlapped by the edge of the left one; this part of the 
tegmen being coloured orange yellow in harmony with the wings. 
The result of the remarkable differentiation of the colours of the 
two tegmina may be summarised by saying that on the right 
one the colour of a part is abruptly contrasted witli that of the 

rest of the organ, so as to share the system of coloration of the 

imder-wings and body, while the corresponding part of the other 
tegmen is very different, and completes the system of symmetrical 
ornamentation of the upjier suiface. 

Many other members of the Blattidae have an elegant 

appearance, and depart more or less from their fellows in 

structural characters, with the result of adding to their graceful 
appearance; in such cases, so far as at present 
known, these Insects are brightly coloured. 
Thus Hyjprwrim amoena (Fig. 129) has the 
antennae banded in white, bhu*k, and red, 
while the overlapping part of the tegmina is 
arranged so as to bring the line of junction 
l)etween them nearly straight along the middle 
line of the body, and thus produce a more 
symmetrical appearance than we find in other 
Fio. 1*29. — Uypn(yrna cockroachea The heiid in this Insect is not 
Ameri!^ TriUB^^Oxy^ Concealed as usual, and this undoubtedly 
hftioides. (After de adds somewhat to the effective appearance of 
Saussure.) cockroach. This visibility of the front of 

the head in Hypnorna is not, as would he supposed, owing to 
its being less indexed than usual. On the contrary, the head is 
quite as strongly indexed as it is in other Blattidae, but the 
part just at the front of the thorax is unusually elongate,, so 
that the eyes are exposed and the Insect has a larger field of 
vision. This interesting Insect belongs to the tribe Oxyhaloides 
[Plectopterinae Sauss.], in which group the most highly developed 
folded wings occur. 

The wingless forms never exhibit the grace and elegance 
possessed by some of the more active of the winged Blattidae. 
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One of them, Gromphadorhina portentosa, found in Madagascar 


(Fig. 130), is a very robust 
Insect, and attains a length 
of 78 millim. — somewhat 
more than 3 inches. This 
Insect has projections on the 
thorax that remind us of the 



horns that exist in some of 
the liiinellicorn beetles. 


Firt. 130 .—Qroinphadorhifka portentom^ x J. 
Tribe Perisphaeriides. (After Brunner.) 


I..ittle has l>een yet written as to the resemblances of Blattidae 
to other species of their own family, or to other creatures, but it 
is probable that such similarities will be found to prevail to a 
considerable extent. W. A. Forbes has called attention' to the 


larva of a lUattid from Brazil as lieing remarkable for its sujier- 
licial restuiiblance to an Isopod crusUic^ean. Some of the wingless 
forms have a gre^it resc^mblance to the small rolling-up Myriapcnls 

of the group Glomerides ; Fsendoglomeris 
fornicahiy of which we figure the female 
(Fig. 131), has received its name from 
^ , this resemblance. The females of the S. 

Fia. 131.— Pseudofflomerhfor> . - . n • 

nuattiy Burma. Tribe Atricaii geiius iJerocaiymma jKissess this 

Bruniler (After (Hoineritl appcixrance, and have a peculiar 

structure of the prothomx, admitting of a 
more complete i)rotectiou of the heiid. Brunner shvtes that the 
wingless kinds of Derocalymvia roll themselves up like wood-lice. 
In many of the forms of this tribe—Perisphaeriides—the males 
are winged, though the females are so like MyriapcKls. Accord¬ 
ing to de Saussurethe gigantic Megaloblatta rttjipcs Iniara an 
extreme resiuiiblance in apjHiarance to the large cockroaches of 
the genus Blabera. 

Some of the sjx'cies of Holocompm rcinind us strongly of 
Hemiptera of the family Capsidae; they have an •arrangement 
of colours similar to what prevails in that group, and their 
tegmina and wdngs which, as being those of Blattids may l)e 
said to lie abnormally formed, resemble in texture and the 
distribution of the venation those of the Hemiptera. These Insects 
are closely allieil to Diaphanay of which genus we have figured 
a species (Fig. 122). 



* P. ent, Soc, LandoHy 1881, p. 1. 

* Biol, Contr, Atner. Orthopt, 1893, jiw 67. 
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There is very little evidence on which to btise an estimate 
of the nuinl)er of species of Blattidae existing in the world at 
present. Probably the niimf>er extant in collections may aiuount 
to 1000 or theretibouts, and the total existing in the world may 
be as many as 5000. The species of Blattidae cannot tolerate 
cald, and are consequently only numerous in tropical regions. 
Europe possesses al)out twenty 8|)ecies, and in Britain tliere are only 
three that are truly native; these are all small Insects l^elonging 
to the genus Ectohia^ and living out of doors, amongst letives, 
under bushes, and in various other places. We have, however, 
several other species that liave been introduced l>y the agency of 
man, and these all live under cover, wliere then^ is artificial warmth 
and they are protected from tlie inclemencies of the winter season. 
The commonest of these forms is Stylojnjga orientalis, tlie ‘‘ Idack 
l)eetle” of our kitchens and bakehousi^s. This Insc^ct is said to 
have been brought to EurojKi from ‘‘Asia” about 200 years ago, 
but the evidence as to its introduction, and as to the country of 
which it is really a native, is very slight. It is imlecd said ^ that 
S. orientalis lias ])een found in peat in Schleswig-Holstein. Peri- 
plancta amcricana is a larger Insect, and is common in some 
places; it is apparently the 8i)ecies that is most usually found 
on board ships, where it sometimes multiplies enormously, and 
entirely devours stores of farinaceous food to which it obtains 
access: it is known that sometimes a box or barrel 8uj>j)osed to 
contain biscuits, on Ijeing ojKined is fouml to have its edible con¬ 
tents entirely replaced by a mass of living cockroaches. Fortu¬ 
nately amcr/caaa has not spread widely in this country, 

though it is found in great numbers in limited hx^iilities; one of the 
best known of which is the Zoological Gardens in the Itegent’s 
Park at London. Periplaneta austral aside is very similar to P. 
americaudy but has a yellow mark on the shoulder of each tegmen. 
This has obtained a fcKiting in some of the gla88-hous(?s in the 
lk)tanic Gardens at (y^imbridge and Kew; and it is siiid to 1 h; fairly 
well established in Belfast. Another of our introduci»d domestic 
cockroaches is Phyllodromia germanica, a much smaller Insect 
than the others we have mentioned. It has only established 
itself at a few places in this country, but it is extremely abundant 
in some parts of Northern and Eastern Europe. It luis been in¬ 
creasing in numbers in Vienna, where, according to Brunner, it is 
^ SchafT, Zool, Anz, xvi. 1893, p. 17. 
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Fig. 132.—Alar organs of Nabera sp. 
A, legmen ; B, wing. 


displacing ^tyloj^yga orientalis. In addition to these, Rhyparohia 
maderae and species of the genus 
Blahera have been met with in 
our docks, and are possibly always 
to he found there. They are Insects 
of mucli larger size tlian those 
we have mentioned. We figure 
the alar organs of one of these 
sjiecies of Blahera of the natural 
size: the species in this genus 
are extremely similar to one an¬ 
other. Blalienie are known in 
the West Indies as drummers, it 
lieing supposed that they make a 
noise at niglit,^ Imt details in con¬ 
firmation of this statement are wanting. 

It is a remarkable fact that no satisfactory reasons can be 
assigned for the pn^valence of one rather than another of these 
domestic c<x*kroache8 in })articular localitie^a It does not seem 
to de[)end at all on size, or on the period of development, for 
the three ^recies Stylopyga orientalis, Periplaneta amerirana, and 
Phyllodromia germanicat which are the most abundant, differ 
much in tliese resixxts, and replac*^ one another in particular 
kxalities, so that it does not appear that any one is gaining a 
jiermanent or widespread superiority as compared with another. 
There are, however, no sufficient ret-’ords on these jxnnts, and 
further investigation may reveal facts of which we are at present 
ignorant, and which will tlirow some light on this subject. We 
may remark that ]Mr, Brindley has found it more difficult to 
obtain hatching of the young from the egg-capsule:^ of PeripUrm ta 
amerivana and Phyllodromia germanica at Cambridge, tlian from 
those of Stylopyga orientalis. 

Although much work has been done on the embryology of 
Blattidae, the aubjec*t is still very incomplete. The recent memoirs 
of Cholodkovsky ^ on Phyllodromia germanua contain so much of 
general interest as to the development of the external imrts of the 
body that we may briefly allude to them. The earliest appearance 
of segmentation apjiears to be due to the centralisation of numerous 


' Westwood, Modem, Class, Insects^ i. 1889, p, 418. 

^ ZtUsekr, wiss, Zool, xlviii. 1889, p. 89; aud Jl/em. Ac, Si, xxxviii. Xa 5,1891. 
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cells round certain points in the ventral plate. The segmentation 
of the anterior parts is first distinct, and the appearance of the 
appendages of the body takes place in regular order from before 
backwards, the antennae appearing first; the mandibles, liowever, 
become distinct only subsequent to the maxillae and thoracic 
appendages. There are in the course of the development append¬ 
ages to each segment of the body (he counts eleven abdominal 
segments); the cerci develop in a similar manner to tlie anten¬ 
nae ; the first pair of abdominal appendages—at first similar to 
the others—afterwards assume a peculiar stalked form. The 
abdominal appendages subsequently disappear, witli the exception 
of the ninth pair, which form the ventral styles, and the 
eleventh pair, which become the cerci. The last ventral segment 
is said to be formed by the imion of the tenth and eleventh 
embryonic ventral segments. 

As regards their Palaeontological forms BlattidfUi are amongst 
the most interesting of Insects, for it is certain that in the 
Carboniferous epoch they existed in considerable numl)er and 
variety. A still earlier fossil has been found in the Silurian 



sfindstone of Calvados; it con¬ 
sists of a fragment (Fig. 133, 
A), looking somewhat like an 
imperfect tegmen of a Blattid; 
it was de8cri])ed by Brongniart 



under the name of Palaeohlat- 
tiTia douvillei, and referred by 
him, with some doubt, to this 
family. Brauer has, however, 
expressed the opinion ^ that 
the fragment more prolmbly 


Fio. 133.—A, TefpnenO) of PaloMbiaiHna l)elonged to an Insect like the 

douvOlei; B, of £tobUUHna maneUich- niole-cricket and in view nf 
enns. (After Brauer and ScudUer.) moie criCKCD, anu in View 01 

this discrepancy of authorities 
we may be pardoned for expressing our own opinion to the effebt 
that the relic has no connexion with the Insecta. The figure 
given by Scudder * has not, however, so uninsect-like an appear- 
ance as that we have copied from Brauer. Whatever may prove 
to be the case with regard to FalaeoblatHna, it is certain, as we 


' Ann, Eo/mus, Wien., i. 1886, p, 104. 

* Zittel, Eandb, PahteofU. I Abth. ii. 1886, 763. 
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have already said, that in the Palaeozoic epoch Insects similar to 
our existing cockroaches were abundant, their remains being 
found in plenty in the coal-measures both of Europe and North 
America. Fig. 133, B, shows a fossil tegmen of Etohlaitina 
maTiehajclien&is from the upper Carboniferous beds of Ilmenau 
in Germany. It will lie noticed that the disposition of the 
nervures is very much like that which may be seen in some 
of our existing Blattidae (cf. the tegmen of Blabera, Fig. 
132, A), the vena dividens (a) being similarly placed, as is 
also the mediastinal vein on the front part of the organ. 
The numerous carboniferous Blattidae have been separated as a 
distinct Order of Insects by Scudder under the name Palaeo- 
blattariae, but apparently rather on theoretical grounds than 
lieciuise of any ascertained important structural distinctions. He 
also divided the Palaeoblattariae into two groups, Mylacridae and 
Blattinariae, the former of which was supposed to he peculiar 
to America. Brongniart has, however, recently discovered that 
in the Carboniferous dej)Osit8 of Commentry in France Mylacridae 
are as common as in America. This latter authority also states 
that some of the females of these fossil Blattidae are distinguished 
by the presence of an elongate exserted organ at the end of the 
body. He considers this to have been an ovi- 
positor by which the eggs were deposited in I \ 

trees or other receptacles, after a manner that % 1 

is common in certain Orthoptera at the present % I 

day. If this view t>e correct these Carbon- 
iferous Insects must have been very different 
from the Blattidae of our own epoch, one of ^ 

whose marked characteristics is the deposition jrj 

of the eggs in a capsule formed in the body of 
the jmrent, \ 

In the strata of the secondary epoch re- 
mains of Blattidae have also been discovered 
in both Europe and America, in Oolitic, liassic, ^ 

and Triassic deposits. From the Tertiary V 

strata, on the other hand, comparatively few 134 .—Front leg 

species have been brought to light. A few of Peripianeta 

, . ,. , ^ 1*1 australastae, 

have been discovered preserved m amber. 

The classification of the Blattidae is attended with considerable 
difficulty on account of the niuuerous wingless forms, and of the 
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extreme difference in the organisation of the two sexes of many 
species. It has, however, been bronglit to a fairly satisfactory 
state by the reiterated labours of Brunner von Wattenwyl, and 
we reproduce his recently perfected exposition of their characters. 
His first division is made by metins of a structure which is very 
Ciisily observed, viz. whetlier the femora are armed with spines, 
as in Fig. 134, or not. The terms used in connexion with the 
wings and other parts of the body we have already exphiinetL 

Brunner*s system is adoj)ted by de Saussure,^ who, however, 
proposes to replace the names Ectobiides and Oxyhaloides by 
Anaplectinae and Plectopterinae. He also propostis to apply the 
generic name Blatta to the Insect that is now so frequently called 
Phyllodrornia gcrmanica in zoological works. If that view be 
adopted, Brunner’s group Phyllodromiides will })e called Blattides. 

Table of the tribes of Blattidae, after Brunner:— 

1. Femora spiny beneath.^ 

2. The last ventral plate of the female large, without valves. 

3. Supra-aual lamina of both male and female transverse, narrow. 
Wings, when present, furnished with a triangular apical held. 
Posterior femora unarmed beneath, or armed with two spines on 
the anterior margin. Egg-capsules furnislied with a longitudinal 
suture. Tribe 1 . Ectobiides. [ Anaplectinae Saussure.] 

3'. 8upra-anal lamina of each .sex more or less protluced, triangular, 
or emarginate. Wings, when present, without apical field. Pos¬ 
terior femora with both edges spiny. 

4. Supra’anal lamina of each sex triangular, not notched. Cerci 
projecting much beyond this lamina. 

6. ProiK^tum and elytra smooth (t.e. without j)eculiarity of 
surface other tlian punctuation). Tlic radial nervure of the 
wing giving off several parallel bnvnches, ]>ectinate on the 
anterior margin (except in the genus Ahrodiaeta). Tarsal 
joints without pads. Tribe 2. Phyllodromiides. [Blattiiiae 
Saussure.] 

6. Pronotum and elytra liolosericeous. Radial nervure of the 
wings giving off irregular branches on the anterior margin 
(ulnar vein many-branched). Tarsal joints furnished with 
pads. Tribe 3. Nyctiborides. 

4 \ Supra-anal lamina of males more or less fbur-sided, with obtuse 
angles, of females broad, rounded, or lobed. Cerci not pro¬ 
jecting beyond the lamina. (Tarsal joints with distinct pads.) 
Ulnar nervure of the wings giving off parallel branches towards 
the vena dividens. Tribe 4. Epilamprides. 

* Biol, Cenir,-Ainer, Orthoptera^ 1893. 

^ Although the genus (Bunrisoneura has unarmed femora, it must be placed in this 
division. 
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2'. The last ventral plate of the female furnished with valves. Tribe 
6. Periplanetides.^ PeHj^lamta av^traUmae.) 

V, Femora unarmed beneath. (In the tribe Panestliiides the anterior 
femora are frequently armed with two spines.) 

2. Supra-anal lamina of each sex more or less produced, posterior margin 
notched. 

3. A distinct pa<l between the claw’^s. Tribe 6. Panchlorides. 

3'. No pad between the claws, or only an excessively small one. 

4. Wings with a folded fan>like anal field. Pronotum smooth. 

Tribe 7. Blaberides. (Fig. 132, Blahera sp. wings.) 

4 '. Anal field of the wing with a single fold. Pronotum more or 
less pilose. Tribe 8. Corydiides. (Fig. 128, Corydia peti~ 
veriana. Fig. Heieroffamia aegyptidca.) 

2 '. Supra-anal lamina of each sex, short, transverse, posterior margin 
straight or rounded. 

3. Subgeiiital lamina of the male somewhat produced, furnished 
with a single style. Tarsal claw’s with a distinct pad (except in 
the genus Paranauphoeta), 

4. Anterior portion of the wings pointed, either the apical field of 
the wing very much protluced, or the wings twice as long as 
the tegmina, folded in repose. Tribe 9. Oxyhaloides. [Plec- 
topteriime Saussure.] (Fig. 129, Hypnonia ainoena,) 

Anterior portion of wing, wiien present, rounded, with no 
apical field. Tribe 10. Perisphaeriides. (Fig. 130, Grom ^ 
phddorhina porientosa; Fig. 131, Pseudoglomeru fomicata.) 

3'. Subgenital lamina of males extremely small, without styles. No 
pad between claws. Tribe 11 . Panesthhdes. 

To the aViove tribes another one —Geoscapheusides —has been recently 
added by Toj»per,^ for an extraortlinary Australian Insect of fossorial habits, 
with front legs fiu’ined somewhat like those of Gryllotalpa. 

* The “black beetle,” Stylopyya orienUilis^ to this tribe, as does also 

PeriplanHa amcricana. 

* Tr, It. Soc, S. Austral, xvii. 1893, p. 68. 
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CHAPTER X 

ORTHOPTERA CONTINUED -MANTIDAE-SOOTHSAYERS 

Fam. IV. Mantidae—Soothsayers or Praying Insects. 

Orthoptera with exserted but deflexed head and elongate j)r nth or ax, 
the first pair of legs largely developed, raptorial, the coxae 
elongate,free,femora and tibiae armed with spines: secoiul 
and third pair of legs simple and similar; the tarsi five- 
jointed, 'ioithout a pad (arolium) between the claws ; a pair 
of jointed cerci near the extremity of the body. 

The Mantidae are an extensive family of Orthoptera, showing 
extreme variety in the shapes and outlines of the body, and 
characterised by the very remarkable front legs; the function of 
these legs being to seize and hold their prey, which consists of 
living Insects, Mantidae Ixung carnivorous and highly voracious. 

The labium is deeply divided, each half exhibiting a very 
near approach to the structure of a maxilla; there is a large 
membranous lingua reposing on the inner face of the lower lip. 
The head is quite free from the thorax, its front part being 
deflexed, and even somewhat indexed, so that the mouth is directed 
downwards and somewhat backwards: it is very mobile, l)eing 
connected to the thorax by a comparatively slender neck, which 
is, however, concealed by the pronotum. There are two large, 
prominent eyes, the antennae are frequently very slender) but 
they sometimes differ according to sex, and in some genera 
are pectinate in the male; just above and between their inser¬ 
tion are three ocelli placed in a triangle, two above, one below; 
between the antennae and the clypeus there is an interval 
called the scutellar spaca In some forms of Mantidae the 
head assumes most extraordinary shapes; the eyes may l)ecome 
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elongate and horn-like; there may be a projection between them 
bearing the ocelli, and attaining occasionally a great length; the 
Bcutellar space also may liave a remarkable development, the 



FlO. \ZS.--Dfropl<tiys saratcaca^ female. Borneo. (After Westwoocl.) 


whole thus forming a peculiar ornamental structure, as in Fig. 
136 . 

The prothorax is elongate, but there are a few genera, e,g. 
EremiaphUa, in which it is exceptionally short, and there are 
several others in which the elongate form is more or less masked 
by foliaceous expansions ot the sides. The pronotum shows 
near the front a transverse depression or seam, which marks the 
position of an internal chitinous ridge. The anterior legs are 
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inserted near the front of the prosterniini, whieli extends less 
far forwards than the pronotuni does; the posterior part of the 
prosternum is very elongate, and is completely separated from 

the anterior part by the base of 

f the coxae and the membranes 

attached to them; the pronotum 

and sternum are closely connected 

at the sides till near the posterior 

part wliere they diverge, the space 

so formed Udng (Xfcupied by a 

membrane in which the prothoracic 

stigma is situated. The meso- 

thorax is an long as broad, and 

the front wings are attached to 

the wliole length of tlu*. sides; the 

inesosternum is a triangular pie(?e 

Fig. 136.— Head of rar/ez/aOM, pointed Ixdliiul, and Ixmrillg Very 

seen from the front. , . , . a i • i 

large side-pieces, to tlie liinder 

portion of which the middle coxae are attached; these latter are 
large and quite free, and repose on the metastm num which they 
cover; the mesothoracic stigma may be detected as a slit situated 
on a slight prominencx^ just behind and a little Indow the niein- 
branous hind-margin of the tegmen. The metathorax differs 
comparatively little^ in size and structure from the inesothorax; 
the membranous hind wings are attached to the sides of the 
notum along nearly the whole length of the latter. The abdo¬ 
men is moderately long; in each sex ten dorsal j)lates may 1 x 3 
detected, and there is a pair of ringed cerci proJtKting from 
beneath the sides of the tenth plate. The numlx?r of ventral 
plates is more difficult to verify, the first one being much 
reduced; eight other plates can l>e demonstrated in the male 
and six in the female. 


The anterior legs are fonned in a remarkable manner in the 
Mantidae, and are, in fact, the most characteristic feature of the 
family. AtUiched near the front of the thorax there is a very 
long coxa, to the ajiex of which is articulated the triangular 
trochanter; this bears the elongate femur, which is furnished on 
its lower face with sharp spines and teeth; the tibia which 
follows is much shorter and smaller than the femur; its lower 
face bears also an armature of teeth, and it is so articulated with 
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the femur that it can l)e completely closed thereon, its teeth 
fitting in among those of the femur (Fig. 

137, B); the latter has one or more longer 
spines overlapping the apical part of the 
tibia when contrac'ted. The tarsus is 
slender, five-jointed, without pad. The other 
two pairs of legs Jire simple; the hiiuler 
usually a little the longer, and in some 
s|XHnes that possess powers of leaj)ing 
(Amehs)y with the femora a little thicker 
at the base. 

The alar organs of tlie Mantidae are 
as regards the nervures and areas fairly 
similar to those of the Blattidae. The 
tegmina are usually narrow, and exhibit 
thr(‘e well-mark(*tl areas; the one in front 
(jr external (according as the wing is 
exjuintletl or closed^ is the mediastinal 
area; it is usually more elongate and 

(X'cui)ies a larg(*r p(»rti<»n of the surface of the tegmen than in 
Blattidae. Tlu^ middle an^a, forming the larger part of the 
wing, is oc*cuj)ied l)y the branches of the radial and ulnar 



Fuj. 137. — Front leg of 
Kmjyusa pauperata^ 
female: A, with tibia 
extended and tarsus 
wanting ; B, more mag- 
nitied (the basal parts 
removed), showing the 
mode of closure. 


lUTvures. The third area, the anal, possesses a sort of aj)}X‘ndage 
in the form of a small space of a more delicately membranous 
nature at the inner part of the base. The tegmina are often 
more or less leaf-like in texture and consistence; this character 
is as a nde not very marked, but there are a few s\)ecies with the 
tegmina very like foliage, this l)eing more nuirked in the female; 
in some, if not in all, of thesis wuses the mediastinal area is c(ui- 
siderably increascHl. One tegmen overlaps the other, as in Blat- 
tida(*, but to a less extent, and the correlative asymmetry is but 
slight: there is freipiently a pallid spot close to the main vein 
on the principal area, ne^irer to the kise than to the extremity. 
The hind wings are more ample than the front, and of much 
more delicate consistence; they possess numerous veins converg¬ 
ing to the ]>ase; the anterior pirt of the wing is firmer in con¬ 
sistence, and its veins are moi'o numerously furcate; there are 
many more or less distinct minute cross-veinlets, and an elegant 
tinting is not infrequent. They close in a fan-like manner 
transverse folding heiwg unknown in the family. 
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But little has been written on the internal anatomy of the 
Mantidae. Dufoiir has described only very partially that of M, 
religiosa. The stilivary glands are largely developed, salivary 
receptacles exist; the alimentary canal possesses eight elongate 
coecal diverticula placed on the chylific ventricle; there are 
about one hundred Malphigian tubules. In each ovary there 
are about 40 egg-tubes, and they are joined at their bases in 
clusters of about half a dozen; each cluster has a common sinus; 
these sinuses are placed at intervals along a tul)e, which is one 
of two branches whose union forms the oviduct; there are a 
large number of “ serific glands” of two kinds in the female. 
The testes are unusually complex in their structure. 

According to Scliindler ^ the Malphigian tubes in Mantis are 
not inserted, as usual, at the base of the intestine, but on the 
intestine itself at about one-third of its length from the base. 
There is some doubt al)Out this observation. Schindler considers 
the fact, if it be such, unique. 

The eggs of the Mantidae are deposited in a singular manner: 
the female, placing the extremity of the IxKly against a twig or 
stone, emits some fixim-like matter in which the eggs are 
contained. This substance dries and forms the ootheca; whilst 
attaining a sufficient consistence it is maintained in i) 08 ition by 
the extremity of the ])ody and the tips of the elytra, and it is 
shaped and fashioned by tliese parts. The eggs are not, as 
might be supposed, distributed at random through the wise, but 
are lodged in symmetrically-arranged chambers, though how these 
chaml)ers come into existence by the aid of so simple a mode 
of construction does not appear. Tlie wipsule is hard; it quite 
conceals the eggs, which might very naturally l)e supposed to be 
efficiently i)rotected by their covering: this does not, liowever, 
appear to be the case, as it is recorded that they are subject to 
the attacks of Hyrnenopterous parasites. The time that elapses 
after the eggs are laid and before they hatch varies greatly 
according to circumstances. In France, Mantis religiosa deposits 
its eggs in September, but they do not hatch until the following 
June; while in E. India the young of another species of Mantis 
emerge from the eggs about twenty days after these have been 
deposited. Trimen has recorded some particulars as to the 
formation of its egg-case by a Mantis in S. Africa. This 

‘ Zeitichr, win, Zool, xzx. 1878, p. 609, pi. xxxviii. fig. 7. 
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Specimen constructed four nests of eggs at intervals of about a 
fortnight, and Trimen states that the four were ** as nearly as 
possible of the same size and of precisely similar shape.’’ He 
also describes its mode of feeding, and says 
that it was fond of house-flies, and would 
eat “ blue-bottles,” i.e. Muaca vomitoria, but 
if while eating one of the latter a house-fly 
were introduced, the blue-bottle ” was gener¬ 
ally dropped, even though it might be in 
process of being devoured. Tlie young have 
to escape from the chambers in which they 
are confined in these egg-ca.se8; they do so 
in a most curious manner; not by the use 
of the feet, but by means of spines directed 
backwards on the cerci and legs, so that 
when the ])ody is agitated advance is made 
in only one direction. The eggs last de¬ 
posited are said to l)e the first to hatch. 

On rejn'hing the exterior the young Mantids 
do not fall to the ground, but remain sus- ^ wlui ^oui^ 

pended, after the manner of spiders, to the the case 

ootheca by means of two threads attached to position of suspension; 

the extremities of the cerci; in this strange 

position they remain for some days until the sory threads. (After 
firat change of skin is effected, after which Brongniart.) 
they commence the activity of their predatory life. 

Dr. PagensU^cher has given an account' of the development 
of Mantis rcH^iosa, from which it would appear that the statements 
of Fisclier and others as to the nuinl>er of moults are erroneous, 
owing to the earliest sUiges not having been observed. When 
the young Mantis emerges from the egg it bears little resemblance 
to tlie future Insect, but looks more like a tiny pupa; the front 
legs, that will afterwards liecome so remarkable, are short and not 
different from the others, and the head is in a curious mummy- 
like state, with the mouth-parts undeveloped and is indexed on 
the brejist: there an?, he says, nine alKiominal segments. The 
first ecdysis soon takes place and the cre^iture is thei'eafter 
recognisable as a young Mantis. Pagenstecher’s sjxjcimens at 
first would only eat Aphididae, but at a later stage of the 

^ Arch./, Naturge^^ xxx. Band 1, 1864, p. 7. 
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development they devoured other Insects greedily: the number 
of ecdyses is seven or eight The ocelli appear for the first time 
when the wing rudiments do so; the number of joints in the 
antennae increases at each moult Dr. Pagenstecher considers 
that this Insect undergoes its chief meta¬ 
morphosis immediately after leaving the egg, 
the earlier condition existing apparently to 
fit the Insect for escaping from the egg-case. 
In the immature stage of the Mantidae the alar 
organs appear (Fig. 139) as adjuncts of the 
sides of the meso- and meta- notum, projecting 
backwards and very deeply furrowed and 
ribbed in a wing-like manner. According to 
Fia. 139. — Tcgmina Pagenstecher, this wing-like appearance only 

(0 and wings (w) of commences in the fifth stadium, but he has 
immature Mantu. , . 1 t • 

not given particulars of the conditions of 

these parts in the preceding instars. According to de Saussure ^ 

the wings of the females of some species remain permanently in 

this undeveloped or nymphal state. 

The Mantidae, as a rule, have a quiet unobtrusive mien, and 
were it not for their formidable 
front legs would look the picture of 
innocence; they, however, hold these 
legs in such manner as to greatly 
detract from the forbidding appear¬ 
ance thereof, stretching them out only 
partially so as to give rise to an 
appearance of supplication or prayer;* 
this effect is increased by their 
holding themselves in a semi-erect 
position, standing on the hind and 
middle legs with the upper parts of 
the body directed somewliat for¬ 
wards, hence they are called by 

various names indicating prayer or ^*^ 0 - ^ 0 . —/m oratoria, female. 
. , . . f South Euroi>e, Natural size. 

supplication, and it is said that in 

some countries they are considered sacred. Some of the older 



' Biol, Cenlr, Amer. Orthopt. 1894, p. 160. 

* Our figures do not exhibit this attitude ; if portrayed in tlieir natural position 
in a drawing the front legs would be to a large extent obscured. 
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writers went so far as to say that a Mantis would indicate 
the road a child should take by stretching out one of its arms 
in the right direction. The traveller Burchell, speaking of 
a species since described by Westwood under the name of 
Tarcwhodes lucubrans, says: “ I have teconie acquainted with 
a new species of Mantis, wliose presence be(?ame afterwards 
sufficiently familiar to me by its never failing, on calm warm 
evenings, to pay me a visit as I was writing my journal, and 
sometimes to interrupt my lucubrations by putting out tlie 
lamp. All the Mantis tril^e are very remarkal»le Insects; and 
this one, whose dusky sober colouring well suits the obscurity of 
night, is certainly so, by the very late hours it keeps. It often 
settled on my book, or on the press where I was writing, and 
remained still, as if ccnisidering some affair of imy)ortance, willi 
an apjjearance of intelligtmce wliich had a wonderful effect in 
withholding my hand from doing it harm. Althougli hundreds 
have flown within my ymwer, I never took more than five. I 
have given to this curious little creature the name of Mantis 
lucuhrans; and liaving no doubt that lie will introduce himself 
to every traveller who comes into this country [Southern Africa] 
in the months of November and I)eceml>er, I beg to recommend 
him as a harmless little companion, and entreat that kindness and 
mercy may be shown to him.'* This appearance of innocence 
and quietness must have struck all who have seen these Insects 
alive; nevertheless, it is of the most deceyitive character, for the 
creature’s activity consists of a series of wholesjile massiicres 
carried on day after day, the numlier of victims it sacrifices ]>eing 
enormous. The Mantis does not even spare its own kind : it 
is well known that the female not unfrequently devours its (»wn 
mate. A very different ])i(*ture to that of Burchell has been 
drawn by Totts, who observed the habits of a s]H:H ies in New 
Zealand.^ He informs us that when about making an attack it 
approaches its intended j)rey with slow, deliberate movements, its 
anterior limbs folded in an iniuKent fashion, now and then 
raising itself or lifting the prothorax in a stealthy quiet manner, 
perhaps to judge accurately of its distance: when near enough, 
with one swift dart the victim is secured. The j^rey is held 

' The name of the 8|>ccies is not given (Tr. K, Z. Inst, xvi. 1883, p. 114), but 
it is prol>ably OrthAxlcra ministmlis Fab., an Australian Insect |H'rhai»s taken to 
New Zealand by miners. Cf. Wood-Mason, Vat, ManUtdea, i. 1889, p. 20. 
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firmly in the formidable trap formed by the anterior leg, and is 
thus brought near the mouth. The Mantis usually commences 
its feast by taking off some portions of the head of its wretched 
victim, and displays an absolute indifference to its struggling or 
kicking; the mandibles having seized a portion of the food, the 
legs holding it move away, thus leaving a fragment in the mouth. 
Portions only of a captured Insect are consumed, much being cast 
away; and Mr. Potts states that he has seen one of these voracious 
creatures kill and devour parts of fourteen small flies within a 
very brief space of time. This voracity and waste of animal 
food is very remarkable when we recollect that many Insects 
have such perfect powers of assimilation that during their whole 
period of growth they only consume a mass of food—and that 
vegetable—but little larger in size than the bulk they themselves 
attain. This fact is well known in the case of Brnchns, Caryo- 
borus, and other seed-feeding Insects. Biirmeister has stilted good 
grounds for believing that some of the larger Mantidae do not 
confine themselves to Insect diet, but attack and devour small 
Vertebratea' He has given a circumstantial account of a case at 
Buenos Ayres, where a small bird was secured by the wingless 
female of a large Mantis, which had commenced devouring its 
head when the observer took poasession of tlie creature and its 
booty. Dubois states^ that when a decapitated, but living, 
Mantis was suspending itself to a roll of drapery by its four 
posterior legs, a person could detach with tlie fingers the left 
anterior leg (of the four) and the right posterior, or conversely 
the left posterior and right anterior, without the interference 
producing any action on the part of the creature; but if one 
of the other legs was also interfered with, which would neces¬ 
sarily have changed the position of the body, then immediately 
one of the two unoccupied legs was placed by the creature in a 
proper position to assure its stability. This reflex action alto¬ 
gether resembled in appearance a conscious action, and was as 
effectually performed. 

The combination in Mantidae of voracious and destructive 
instincts with helpless and inert attitudes gives rise to the idea that 
these latter are adopted for the purpose of deceiving the living 
prey and of thus more easily obtaining the means of subsistence. 

^ Berlin, ent. Zeitechr. viu. 1864, p. 284. 

’ Ann. Soc. Linn. Lyon, zi. 1898, p. 205. 
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It appears, however, more probable that the helpless attitudes 
have no such origin, but are due to the structure and form of the 
creature. The front legs being wonderfully well formed for 
raptorial purposes, have no capacity for locomotion or for support¬ 
ing the Insect in the usual manner, so that the body has to be 
borne by the hinder two pairs of legs; at the same time the 
raptorial pair of limbs—which, it will be recollected, are of great 
size and attached to the anterior part of an unusually long 
prothorax—have to Ijc held in such a i)Osition as will not derange 
the equilibrium maintained by the i)osterior part of the body; 
moreover, these large raptorial legs are entirely exserted, and 
have no tnice of any articulatory cavity that might act as a 
mechanical aid to their support. Thus they could not be held 
extended without great muscular exhaustion; hence we can 
well Ijelieve that tlie sedentary and helpless attitudes of the 
creature are not the results of any guile. 

A Mantis has lieen recorded as bearing a close resemblance 
to a rhasmid of tlie genus Bacillus and having only small front 
legs; it was suggested by Bates ^ that the Mantis woidd probiibly 
be found to feed on the Bacillus, Though the case is of con¬ 
siderable interest, no further information about it lias been 
obtained. 

The simplest forms of the family are found in the groups 
Amorphoscelides and Orthoderides. From our figure of one of 
these (Fig. 141, Mantoida luteola (J), it will 
1 x3 seen that the i>eculiarities of the family 
can scarcxdy lie detected, the raptorial legs 
Ixung very little developed and the prothorax 
short. The sexes, toi), difler but little in 
these simple forma Most of them are very 
rare in collections, but Wood-Mason states* 
that Amorphoscelis annulicornis is frequently 
found about C\alcutta on the trunks of — ^fantmUa 

. . 1 1 t i. 1 • 1 luteola WesiYT.f male. 

trees, to the bark of which it is so similar Sautarem. 
that it is only discovered with difficulty. 

In its rapid movements it resembles the cockroaches or MachUis, 
more than it does the more differentiated forms of its own 
group. 



* Proe. eni, Soc. Lo7ui<m, 1867, p. cv. 
* Cat. Mantodea, i. 1889, p. 4. 
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In the genus Pxjrgomantis (Fig. 142, P. singularisy female) 
the male has the tegmina and wings of normal size, while in 
the female they are rudimentary. 

The variety of shape and external appearance in this family 
is very great; de Saussure considers it to he a mimetic group. 
In certain species some parts of the body—more esi)ecially the 
tegmina—have very much the appearance of foliage, and usually 
in such cases this appearance is confined to the female, the males 
in this family having, as we have Siiid, the organs of flight more 
transparent and colourless; in the former sex the alar organs, 



Fig. 142. —PyrgomnntiB singidaris^ Fic. 143. —Outline of (.'haeradfxiis 

female. S. Africa. (After West- runcAlata 9, uyniph. (After 

wood.) Wood-Mjwoii.) 

when present, are frequently but little adapted for flying. In 
some species the prothorax is expanded at the sides (Fig. 135, 
Deroplatys mrawaca ; and Fig. 143, Choeradodis cancellatn), and 
in such cases the outline of the natural thorax—if we may use 
such an expression—may be detected occupying the middle of 
the unusual expansion. The European Mantis rcHgiosa varies 
much in colour; in some examples the tegmina are leaf-green, 
while in others they are brown or gray. There is some evidence 
extant making it probable that in some species the colour of an 
individual changes at different times—Colonel Bowker saying of 
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Harpax ocellata that it “ beats the Chameleon hollow in changing 
colour.” 

Some of the species of the old genus EremiapMla (Fig. 144) 
are of very unusual form. De Saus- 
sure considers that some species of 
this genus are more highly modified 
than any other animals for maintain¬ 
ing their existence in desert regions. 

They are said to be found in places 
where no vegetation exists, and to 
assimilate in appearance with the 
sandy soil, the sj)ecies varying in 
colour, so that the individuals agree 
in tint with the soil on wliieh they 
dwell. These Insec ts are referred to 
the group Orthoderides, and have a 
short i)rothorax, the alar organs l)eing 
unsuited for fliglit. What they live 
on is not actually known; although other Insects are tlie 
natural food of Mantids, it is said that these desert-frequent¬ 
ing species (j(*cur in spots where no other Insect life is known 
to exist. 1x414)vre ^ met with these Ereniiaphilas in the desert 

iH'tween the Nile and the Northern Oasis, El Bahryeh, but was 
quite unable to discover their mode of subsistence. These 
Insects are verv rare in collections, and the information we 
possc'ss about them is very meagre. 

Mr. Graham Kerr found on the rilcomayo river a species of 
Mantidae living on branches of trees amongst lichens, which 
it so exactly resembled that it was only detected by tlie move¬ 
ment of a limb; it was accompanied by a Phaneropterid grass- 
hoj)per, wdiich bore a similar resemblance to the lichens. One 
of the rarest and most remarkable forms of ilantidae is the 
genus Toxodera, in which the eyes project outwards as pointed 
cones (Fig. 145). These Insects offer an interesting problem 
for study, since we are entirely ignorant alxnit them. Brunner 
places the Toxoderae in his tril)e Harimgides, but with the 
remark that “ these Insects of antediluvian shai)es differ essen¬ 
tially from all other Mantidae.” 

Wood-Mason informs us * that the young of Hyme)W}ms hicarnis 
^ Ann, Soc, ttU, France^ 1836, p, 467. * P, ent, Soc, London^ 1877, p. xxix. 



Fig. 144 .—Ereminphila turcica. 
(After W’estwood.) 
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beautifully simulate blossoms of different colours. And it has 
been stated by Dr. Wallace, on the authority of a communication 
made to him by Sir Charles Dilke, that a small Mantis found in 
Java exactly resembles a pink Orchis-flower, and this species 

“ was not only said to 
attract Insects, but even 
the kind of Insects (but¬ 
terflies) which it allures 
and devours was men¬ 
tioned.” We do not know 
of what species or genus 
this Insect may be, but 
Hymenopus hicornis is a 
peculiar form of the tril)e 
Harpagides, and has, to¬ 
gether with its younger 
state, been figured long 
ago by Caspar Stoll in 
his quaint and interest¬ 
ing old book.' Though 
it has very }X:»culiar foli- 
aceous expansions on the 
two hinder pairs of legs, 
these dilatations are very 
different from those seen 
in the curious Gongylns 
gongyloides, the female 
of which we figure (Fig. 

, 146). This latter,accord- 

Fio. 145 .—Toxodera dtrdxculaia^ male. Java, . « 

{After ServUie.) mg to the information 



we shall quote, is also a 
“ floral simulator.” Specimens of G, gongyloides were shown to 
the members of the Asiatic Society of Bengal in 1877 by Dr. J. 
Anderson,* who at the same gave some information about them 
which we shall reproduce in full, because, incomplete as it is, it 
is apparently almost the sole piece of definite information wc 
' possess as to this curious Insect, or any of its congeners :— 

" These Insects all came from the same locality, having been 


* Afbuldingm der Spoken en wandehnde Bladen, etc., Ainsterdam, 1818. 
* P» Aeial, Soc, Bengal, 1877, p. 193. 
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forwarded to Mr. Buckland by Mr. Larymore of the Central Jail 
at Midnapiir. Mr. Larymore had procured them from the neigh¬ 
bouring country district, where Santal women and children had 
hunted them out and brought them in, hanging on branches or 
twigs of a bush, somewhat like a wild plum-tree. They are also 
said to be found upon rose-bushes, and in connexion with this it 



Fiq. 146.—(jonyy/iM gongyloides^ female. East Imlia 


was observed that, in Midnapur, they were known as rose-leaf 
Insects, from the circumstance that when the Insect is more 
developed and furnished with wings, the foliaceous appendages 
are said greatly to increase in size, and exactly to resemble rose- 
leaves. Dr. Anderson, however, was liisposed to think that more 
than one species might probably occur in the Midnapur district, 
and that these Insects with the larger foliaceous expansions might 
be distinct from the species now before the Society. 
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“ Mr. Bucklaiid had made over these Insects to Dr. Anderson, 
q,nd since that time they have been regularly fed upon house-flies 
and grasshoppers; the latter, however, appear to be rather too 
strong for them, and they therefore prefer the flies. They have 
been tried with small fragments of plaintain and custard-apple, 
which they not only eat, but the juice of which they seem to 
suck with considerable avidity. Dr. Anderson, however, thought 
that it was the moisture of tliese fruits that was the chief attrac¬ 
tion to tliese Insects, for the entire character of their organisation 
indicated a raptorial habit. 

“ Dr. Anderson went on to say that he had succeeded in 
identifying the three larger Insects l)y means of a single dried 
specimen in the Indian Mu.seuin, which, however, was fully 
mature and provided with wings. These remarkable Insects 
proved to \)e the pupae of a jieeuliar species of Mantis which was 
known to Aldrovandus, who figured it more than a century and 
a half before the first ajipearance of the Systema Naturae of 
Linnaeus, to whom it was known as GryUus gonyyUules, and also 
as Mantis gongylodes ; and since the time of Aldrovandus it had 
l)een figured in a variety of works on Natural History, but 
apparently in every instance from mature, and secuningly dried 
s^iecimens, so that the colours of the Insect during life had never 
iK^en correctly described. 

So much by way of introduction to tliese remarkable juipal 
Mantises, the recognised scientific name of which is Gongyius 
gongylodes L. 

“ The reason which induced Dr. Anderson to bring them to 
the notice of the Society had now to lie pointed out. On looking 
at the Insects from above, they did not exhibit any very striking 
features beyond the leaf-like expansion of the prothomx and the 
foliaceous ap|)endages to the limbs, both of which, like the upper 
surface of the Insect, are coloured green, but on turning to the 
under surface the asjiect is entirely different. The leaf-like ex¬ 
pansion of the jirothorax, instead of Ijeing green, is a clear, jmle 
lavender-violet, with a faint pink bloom along the edges of the 
leaf, so that this jxirtion of the Insect has the exact appearance 
o{ the corolla of a plant, a floral simulation which is perfected 
by the presence of a dark, blackish brown spot in the centre, 
over the prothorax, and which mimics the opening to the tube of 
a corolla. A favourite position of this Insect is to hang head 
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downwards among a mass of green foliage, and, when it does so, 
it generally remains almost motionless, but, at intervals, evinces a 
swaying movement as of a flower touched by a gentle breeze; 
and while in this attitude, with its fore-limbs banded violet and 
black, and drawn up in front of the centre of tlie corolla, the 
simulation of a papilionaceous flower is complete. The object of 
the bright colouring of the under surface of the protlioracic ex¬ 
pulsion is evident, its purpose l)eing to act as a decoy to Insects, 
which, mistaking it for a corolla, fly directly into the exj>ec!tant, 
serrated, sabre-like, raptorial arms of the simulator. It is no 
new fact that many Insects resemble the leaves of jdants and 
trees, and that they manifest forms and colours which serve to 
protect them in the struggle for existence, but so far as I^r. 
Anderson had asrjertained, this was the first recorded instance of 
an Insect simulating the corolla of a flower for tlie evident 
purj)ose of attracting Insects towards it for its sustenance. It 
is even more nunarkalih* than this, for it is a lociilised adaptJition 
for sucli a purpose, a pjrtion of the InstH.‘t being so modified in 
form and colour tliat the appearance of the corolla of a jdant is 
luoductul, in conjunction with the remainder of the long attenuated 
j)rothorax, wliich at a distance resemldes tlie flower stem; tlie 
anterior limbs when in repose even adding to and heightening 
the deception.” 

That we should have no morc^ precise information as to a 
large Insect of such remarkable habits and appearance, and one 
that has Iwen known to naturalists for upwards of three centuries, 
is a matter for regret. Careful observation as to the habits, food, 
and variation of these floral simulators, and as to whether they 
seek for spots specially suitable to their coloration, would lie of 
grciat interest. A European congener of this Insect, Empusa 
paujterata, has small foliaceoua expansions on the legs, but its 
habits have not lieen noticed in detail. 

The very curious Insect represented in Fig. 147, StenophyUa 
corniyera^ is a membt^r of the tribe Vatides; the form of the cenri 
at the end of the boily is very peculiar. This extremely rare, 
if not absolutely unique, Insect is a native of the interior of 
Brazil 

Dufour has rt»corded that Mantis reliytosa pos.se.sses the jniwer 
of producing a mournful sound by rubbing the extremity of the 
body against the wings ; it is .stated that a hissing sound is 
VOL V s 
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produced by other species, and Wood-Mason has suggested ^ that 
a special structure exists on the tegmina for the purpose. 

There are probably about 600 species of Mantidae known; 
they ai*e distributed over all the warmer parts of the earth, but 
there are none in the cooler regions. Europe possesses some twelve 
or fourteen species, most of them confined to the Mediterranean 
sub-region; a single species. Mantis religiosa, is frequently found in 
Central France, and has l)een recordeil us occuiTing as far north as 
Havre. Although no species is a native of Britain, it is not 



difficult to keep them alive here. Denny records ^ that an egg- 
case of a Mantis was sent from Australia to England, and that 
the hatching of the eggs was completed after its arrival. The 
young fed readily on flies, and we are informed that in the 
neighbourhood of Melbourne, where this Mantis is plentiful, 
specimens are placed l)y the citizens on the window-blinds of their 
houses, so that the rooms may be cleared from flies by means of 
the indefatigable voracity of the Mantis. 

The geological record as to Mantidae is very meagre and 
unsatisfactory. The genus Mantis is said to occur in amber, 
and Heer has referred to the same genus an ill-preserved fossil 
from the upper Miocene beds of Central Europe; a fragment 
^ TV. en/. B(k. London, 1878, p. 263. * Ann. Nat. Hist. 3rd ser. xix. 1867, p. 144. 
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of a hind wing found in the Jurassic strata of Siberia has been 
assigned to the family; and until recently Lithomantis from the 
Carboniferous beds of Scotland was considered to belong to 
Mantidae. Scudder, however, has rejected it therefrom, placing it 
in the Neuropteroid division of Palaeodictyoptera, and Brongniart, 
adding another species to the genus from the Carboniferous strata 
in France, proposed to treat the two as a distinct family, which he 
called Palaeomantidae.^ This naturalist has, however, since renewed 
his study ^ of these Insects, has become convinced that they have 
no relations with existing Mantidae, and has consequently removed 
them to the family Platypterides in the Order Neuroptera. 

Six tribes of Mantidae are recognised by Brunner and de 
Saussure. 

Table of the tribes of Mantidae:— 

1 . Anterior tibiae with the outer edge unarmed Wneath or only furnished 
with very minute tubercles. (Pronotum not longer than the anterior 
co.xae.) Tribe 1. Amorphoscelides. (Fig. 141, MantMea luteola) 

P. Anterior tibiae with the outer edge spinose beneath. 

2 . Anterior femora having the inner edge armed beneath wdth equal 
spines, or with spines in which only the alternate are smaller. 
Antennae of the male simple, rarely unipectinate. 

3. Tibiae and also the intermediate and hind femora even above. 

4. Legs and body with no lobe-like processes. (Antennae simple 
in each sex.) 

5. Pronotum not forming any dilatation above the insertion of 
the coxae, its lateral margins straight or (in the genus 
C/ioeradodis) strongly dilated with the anterior margin not 
rounded. Tril)e 2. Orthoderides. (F\^, 1 ^ 2 , Pyrgomantis; 
Fig. 143, Choeradodis; Fig. 144, Ereminphila turcica,) 

5'. Pronotum dilated above the insertion of the coxae, there with 
the lateral margins broadened in a round manner, the anterior 
margin rounded. Tribe 3. Mantides. (Fig. 140, /monitors.) 
4\ Legs or body furnished w'ith lobes. (Posterior femora or 
segments of the hotly with loWs, or vertex of the head 
conically prolonged.) Tril>e 4. Harpagides. (Fig. 136, 
HarjHix variegaius; Fig. 135, Derophtys saraicaca,) 

Tibiae a.s well as the intermediate and hind femora carinate 
above. (Pronotum elongate, with the posterior part, behind the 
transverse groove, three times as long as the anterior part) 
Tril)e 5. VaTIDKS. (Fig. 147, Stenophylla cornigera.) 

2\ Anterior femora beneath, with the inner edge armed between the 
longer teeth wdth shorter teeth, usually three in number. Antennae 
of the male bipcctinate. (Vertex conically prolonged.) Tribe 6. 
Empusides. (Fig. 146, Go^igylm gongyloidea,) 

* Bull. Soc. Philomat, (8) ii. 1890, p. 164. 

* Tnsectes fossiles des temps primaireSf 1894, p, 353. 



CHAPTER XI 

OKTHOPTEWA COXTIXrKD - PIIASMIDAK—WALKIXfJ-LEAVES 

-STICK-INSECTS 

Fam. V. Phasmidae—Stick and Leaf Insects. 

Head exserted; 'prothorax small, not elonfjate; inesothorax very 
elongate; the six legs differing hut little f rom one another, 
the front pair not raptorial, the hind pair not saltatorial. 
The cerci of the abdomen not jointed, consisting of only one 
piece; the tarsi Jivefointed, Tegmina usually small, or 
entirely absent, even when the wings are present and ample. 
The sexes frequently very dissimilar. Absence of alar 
w'gans frequent. 

These Insects are amongst the most curious of natural objt^cts. 
They are frequently of large size, some attiiining 9 inches 
in length (Fig. 162, Palophvs one-half natural length). 

Their variety of form could scarcely he suiqmssed; their re¬ 
semblance to products of the vegetable kingdom is frequently 
very great: some of the more linear siH?cies (Fig. 148, Lonchodcs 
nematodes) hx)k like sticks or stems of grass; some liave a moss¬ 
like appearance, while others resemble pieces of lichen-covered 
bark. The memlwrs of the trite Phylliides are leaf-like. A 
certain number of other Phasmids are covered with strong 
spines, like thorns (Fig. 149). The plant-like apjiearance* is 
greatest in the female sex. When there is a difference between 
the two sexes as to the organs of flight, these are more fully 
developed in the male. 

The antennae are usually many-jointed, but the numter of 
joints varies from 8 to more than 100; the head is exserted; 
the eyes are more or less prominent; ocelli are pre.sent in some 
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C4iRes. The prothorax is always small, and it is a remarkable 
fact that it undergoes but little elongation even in tho.se species 
that are mo.st linear and elongate in form (see Fig. 148, Lonchodes 
nematodes), and that have the rneso- and metathoraces extremely 
long; it is very simple in structure, consisting 
aj)parently merely of a dors<il and of a sternal 
plate, nearly the whole of the side l)eing occupied 
by the large sj)ace in which the eoxac^ are irrserted ; 
the edges of the pronotuin are not free. The 
mesothorax is fri‘(iuently six tinics as long as the 
juothorax, though in the leaf-like and a few other 
I’orms it does not possess this great exti^nsion ; still 
it is always of large size relatively to the other 
two thoracic segments. This is j)eculiar inas¬ 
much as in other groups where the mesothorax is 
relatively large there are powerful nie.sothoracic 
wings; whereas the riiasmidae are remarkable for 
the obsolescence of the m(\sothoracic alar append¬ 
ages. Tlui middle legs and the tegmina or elytra, 
when ])resent, are attached only to the posterior 
part of the me.soth(nax ; the notum and the 
sternum are separated l)y two narrow slips on 
each side, the epimeroii and episternum. The 
metathorax is formed like the mesothorax, 
except that the posterior })art of the doiml sur¬ 
face is considered to consist of the first ventral 
scigment consolidated with the pvisterior jnirt of 
the metanotum, the two Inung distinct enough in 
the winged forms. The hind Ixxly or abdomen 
is elongated except in the Thylliides; it consists 
of ten dorsal plates; the first frequently looks like 
a j)ortion of the metiinotum, and is treated as Fn.i48.— 
rt‘ally such by '\VestwtK)d, who descriU's the abdo- Anht- 

men as consisting of nine segments. The flat apical 
aptxmdages are attached lx;hind the t^uith dorstil 
plate. The ventral plates are similar to the dorsixl in arrangement, 
except that in the female the eighth plate forms a sort of spoon-like 
or gutter-like process to iissist in carrying or depositing the eggs, and 
that the two following segments are concealed by it, and are some¬ 
times of more delicate texture. The legs vary greatly in the details of 
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their shape : the coxae are short, oval, or round, never large ; the 

trochanter is small; the front femora 
often have the basal part narrower 
than the apical, and they are fre¬ 
quently so formed that they can be 
stretched out in front of the head, 
conce^iling its sides and outline and 
entirely encasing the antennae. 
There is an arolium or cushion 
l)etween the claws of the five- 
jointed tarsi. The front legs are 
frequently longer than the others. 
Only a very slight study has Ijeen 
made of the alar organs of l^has- 
midae; but jiccording to Redten- 
l>acher and Brauer, they differ 
greatly from thowi of Blattidae and 
Mantidae, inasmuch as the costal 
vein is jdaced not on the actual 
margin of tlie wing but in the 
field thereof, and in this resj)ect 
they more resemble the Orthoptera 
saltatoria. 

Very little information exists 
as to the internal anatomy of the IMiasmidae. Many years ago 
a memoir of a fragmentary and discursive nature was published 
on the subject by J. Muller,^ lait liis conclusions require con¬ 
firmation ; the nervous system, according to his account, which 
refers to Arumatia ferula, has the anterior ganglia small, the 
supra-oesophageal ganglion being apjmrently not larger than 
those forming the ventral chain. 

Joly*8 more recent memoir on the anatomy of Phyllium 
cTurifoliuvi ^ is also meagre; he sUites that the nervous system 
resembles that of the locuists (Acridiidae), though there are at 
least ten pairs of ganglia—one supra-, one infra-oesophageiil, three 
thoracic, and five abdominal. He found no salivary glands; the 
Malpighian tubules are slender, elongate, and very numerous. 
The tracheal system has no air-vesicles. He found no distinction 

^ Ada Ac. German, xii. 1825, pp. 555>672, pis. l.-liv. 

^ Mem. Ac. Sci. ToulousCf series 7, iii. pp. 1*30. 



Fio. 149. —Heteropteryx yrayi, male. 
Borneo. One-half natural size. 
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of crop and proventriculus, but the true stomach appears to consist 
of two different parts, the anterior being remarkably uneven 
externally, though destitute of coeca, while on the posterior j>art 
there are j)eculiar vermiform processes. There are eighteen or 
twenty tubes in each ovary. 

When the young Insect is in the egg, ready for emergence, 
the rneso- and meta-thorax are not remarkably elongate, so that 
the femora are not very far 
apart, but by the time the crea¬ 
ture has fairly emerged from the 
prison of its embryonic life the 
thoracic segments have attained 
their usual proportions; much 
expulsion of the body takes place 
as the Insect leaves the egg, so 
that it appears a marvel how it 
could have Ixkui contiiined therein; 
this expansion affwts the parts 
of tlie lK)dy unequally. 

The rec'ords as to tlie jiost- 
embryonic development of Plias- 
midae are very scanty, but indi¬ 
cate great differences in the 
length of time occnipied by it. 

Bacillus patellifer is said to 
moult several times, Diaphero- 
mera femorata only twice. This 
latter speiues lKH;u)mes full grown 
in six weeks, while, according 
to Murray,^ Bhi/llium scythe 
required fifU^en or sixteen months fiir growth, and did not 
moult until ten months after hatching; the number of 
ecdyses in the wise of the Phyllium was three. At each 
change of skin an immediate increase in size, similar to that we 
have noticetl as occurring on leaving the egg, takes place; each 
limb on being freed becoming alxiut a fourth longer and larger 
than the corresponding part of the enveloiie from which it has 
just been withdrawn. After the second moult of Phyllium the 
tegmina and wings made their appearance, but remained of very 
' Edinhuryh Philosophy Jbum, January 1856. 





Fio.150.— Aschtpasma catadromuSy female. 
Sumatra. Natural size. (After West- 
wood.) 
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small size until after the third moult, wlien they suddenly shot out 
to their full size; they came out of little ciises about a ([iiarter of 

an inch long, and in the course of a 
few minutes attained their full size 
of about two and a half inches of 
length. In the apterous six?cies the 
difference between the young and 
adults in external characters is very 
slight. 

Phasmidae are very sensitive to 
cold; botli in North America and 
Australia their lives are terminated 
l)y the o(*currence of frost. They 
are all vegetable feeders, the canni¬ 
balism that luus bet'll attributed to 
them by several writers l)eing prob¬ 
ably imaginary. They are, how¬ 
ever, exctissively voracious, so that a 
pair will destroy a great ([uantity 
of foliage; they are consequently 
in some ]>arts of the world classed 
amongst injurious Insects. In Fiji 

and the Friendly Islands, Lojufjoints 
FlO. 151.— Ceroifs mevisshna. lirazil. , . 

( After West wchkI.) cocophagUS tlie cocoa-nut foliage 

and causes a scarcity of food, so tliat 
it becomes a matter of necessity to destroy these Insects. One 
ivriter has gone so far as to attribute the (K3currenc4i of cannibal 
habits amongst the inhabitants of some of tlu\se islands to the want 
of food caused by the ravages of this Insect, Some, if not all, of 
the Phasmidae have the habit of ejecting a stinking fluid, that is 
said to ))e very acrid, and rxj^asionally, wluui it strikes tlie eye, to 
cause blindness; this licpiid conies from glands plact^d in the 
thorax. Some Phasmidae are much relished as food by birds; 
Biapherornera fernornta is sucked by several luigs as well as eaten 
by birds, and another sjiecies is recorded to have harboured 
Ichneumon-flies in its body without suffering any apparmit incon¬ 
venience from their presence or from their emergence. Not¬ 
withstanding the great amount of food they consume and their 
want of activity, they produce comparatively few eggs. From 
twelve to twenty or thirty is frequently mentioned as about the 
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iuiml)er, but in the case of THapheromera femorata lliley speaks 
of upwards of one hundred. Tliese eggs are not deposited in any 
careful way, ljut are discharged at random, simply dropping from 
the female; the noise caustid by the dropping of the eggs of 
Dia/phcromera fcmorata from the trees on wliich tlie Insects are 
feeding to the ground is said to resemble the pattering of rain¬ 
drops. Tlie eggs of this 
sjK^cies often remain till 
the second year ])efore 
they hatch. Tlie eggs 
in the Phasmidae gen¬ 
erally are of a most 
remarkable nature, and 

nearly every one who . ^ ^ « 

t A B C D 

llKUltlons theill sjieaks 1J)2.—EgjL^s of Pliasmid.u?: Lonrhixles (htiren- 

of their extreme reseiil- B, Platyrrania eiluUs; C, Uitplopns fjrayi; 

, , , , 1 - 1 D, Phyllium siccifiAium. (After Kaun.) 

blance to seeds. (Joldi^ 

has suggested tliat this is for the purjiose of deceiving Ichneumons ; 
it is, however, on record that the eggs are actually destroyed by 
Ichneumons. It is worthy of notice that the eggs are sIhmI like 
seeds, being dropjied loosely and, as w(^ have siiid, remaining on 
the ground or elsewhere, sometimes for nearly two years, without 
other protec:tion than that they derive from their coverings. 
Each egg is really a capsule containing an egg, reminding us thus 
of the capsule of tlie lllattidae, which contains, however, always 
a numlxu’ of eggs. Xot caily do the eggs have a history like that 
of seeds, and resemble them in apjK*arance, but their cajisule in 
minute structure, as we shall sulwquently sliow, greatly resembles 
v(?getable tissue. The egg-cajisule in Phasmidae is provided 
with a lid, wdiich is jmshed oft‘ when the Insect emerges (Fig. 
157). This capsule induced Murray to supjKise that the egg 
contaimHl within is really a pupa, and he argued therefrom that 
in the Orthoptera the larval stages are passed in the egg, and 
that the Insect after its emergence should be looked on as an 
active pupa that takes f(X)d. 

The individuals of this group of Insects possess the power of 
reproducing a lost limb; and Scudder, who has made some experi¬ 
ments as to this,**^ states that if a leg l>e cut off beyond the 

^ Ztx)L Jahrb, Syst. i. 1886, p. 724. 

® /\ Boston Soc, xii. 1869, 99. 
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trochantero-femoral articulation, the parts remaining outside of 
this joint are dropped before the next moult, and are afterwards 
renewed either as a straight short stump in which the articula- 



FlO. 153. — Cypluicranifi aeslunns ; 
individual in which the right 
front leg has been renewed. 
Senegal. (After Westwooil.) 


tions are already observable, or as a 
miniature leg, the femur of which is 
straight and the tibia and tarsus 
curved into a nearly complete circle ; 
in the former case, the leg assumes at 
the next moult the appearance that 
it has in the second case; this latter 
form is always changed at the succeed¬ 
ing moult into a leg resembling the 
normal limb in every respect except¬ 
ing size, and the absc*nce of the fourth 
tarsal joint (Fig. 153). If the leg 
1)0 removed nearer to tl)e body than 
the trochantero-feiuoral articulation 
the limb is not replaeetl. 

The sexes are frecjuently ex¬ 
tremely difrerent; the female is usually 
very much larger than the male. 
This latter sex often posse.sse8 wings 
when they are (|uite wanting in the 
other sex ; the resemblance to por¬ 
tions of plants is often V(!ry much 
gre^iter in tlie female than it is in 
the male. 

We have pointed out that the 
te*gmina or upper wings are usually 
of small size or absent (Fig. 150, 
Aschipasma calndroviiis), even in the 
sj^cies where the lower wings are 
very largely developed; in such cases 
the latter organs are folded in a 
complicated, fan-like manner, and 
repose on the back, looking as if 
they were really the tegmina (Fig. 


159, Calvisia atrosiffnaia); this appearance, moreover, is in some 


species enhanced much by the fact that the part of the wing 


which is outermost in the folded state is quite differently 
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coloured from the rest of the organ. The colour of the body in 
many Phasmidae is said to be very variable, and if the tints be 
owing to chlorophyll or other plant juices, finding their way amongst 
the Insect-tissues, this is readily understood; in Diapheromera 
the young Insect is brownish on hatching, becomes green after 
feeding, and turns brown again when the leaves do so. The 
ocelli, t(X), are said to be vc^ry variable, and M‘Coy goes so far 
as to state ^ that tliey may he either present or al)sent in different 
individuals though of the same species and sex,—a statement so 
remarkable as to require minute examination, though it is to some 
extent continued l)y the remarks of other entomologists. 

The resemblance j)resented by different kinds of Orthoptera 
to leaves is so remarkable that it has attracted attention even in 
countries where Natural History is almost totally neglected; in 
many such places the inhabitants 
are firmly convinced that the 
Insects are truly transformed 
leaves, by which they understand 
a laid develoj)ing into a leaf and 
subsequently liecoming a walking- 
leaf or Insect. To them the 
change is a kind of metamor¬ 
phosis of habit; it grew as a leaf 
and then took to walking." It 
is usually the tegmina that di.s- 
])lay this gre^it resemldance to 
vegetable structures, and there is 
})erhaps no case in which the 
phenomenon is more marked than 
it is in the genus rhyUium, the 
members of which (X’cur only in 
the tropical regions of the Old 
World, where they extend from 
Mauritius aud the Seychelles to 
the Fiji Islands—possibly even 

more to the East—and have, it would appear, a peculiar penchant 
for insular life. The genus Phyllium constitutes by itself the 
tribe Phylliides. Although the characters and affinities of this 

* Prod, Zool. Victoria^ Decade vii. 1882, p. 34. 

* See de Borre, CR. Soc, eni. xxvii. 1883, p. cxliii. 
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group have been only very inadequately investigated, it will 
probably prove to be a very distinct and isolated one. The 
species are not well known, but arc probably nuinerous, and the 
individuals are believed not to be rare, though the collections of 
entomologists are very badly supplied with them. The resem¬ 
blance of the tegmina or front wings to leaves is certainly of 
the most remarkable nature. During the early life the Insect 
does not possess the tegmina, but it is said then to adapt itself 
to the api)earauce of tlie leaves it lives on, by the positions it 



Fi(i. 155 .—Phyllium scythe^ Sylliet. (After Murniy.) 


assumes and the movements' it makes. When freshly hatched 
it is of a reddish-yellow colour. The colour varies at different 
periods of the life, but “ always more or less resembles a leaf.” 
After the young Insect has commenced eating the leaves it sj)eedily 
becomes bright green; and when the metamorphosis is completed 
the female Insect is possessed of the leaf-like tegmina shown in 
Figs. 154, 156. Before its death the specimen described by 
Murray jiassed through the different hues of a decaying leaf.” 
Brongniart has had opportunities of observing one of these leaf- 
insects, and has, with the aid of M. Becquerel, submitted their 
colouring matter to spectral analysis,^ with the result of finding 

^ See Murray, Edinburgh New rhilosaphical Jmimal, January 1856. 

* CH, Ac* PariSf cxviii. 1894, No. 24, p. 1299. 
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that the spectrum exhibits slight distinctions from that of solu¬ 
tions of chlorophyll, but does not differ from that of living 
leaves. Mr. J. J. Lister when in the Seychelles brought 
away living .specimens of Phylliuni; and these becoming short 
of food, nibbled pieces out of one another just as they might 
have done out of leaves. The rhasmidae are purely vegetable 
feeders, and these specimens did not seriously injure one another, 
but confined their depredations to the leaf-like appendages and 


expansions. 

The males of this genus are totally dilferent from the females; 
the foliaceous tegmina being replaced by appendages that are not 
leaf-like, while the posterior wings, which are large and conspicu¬ 
ous parts of the body, have no leaf-like appearance (Fig. 155). 

In the female rhylluim the hind wings are not present, 
being re])resented by a minute process (Fig. 156, P>). The 
tegmen of the female Phyllium is, from various points of view, 
a remarkalde and exceptional structure. It is the rule that 
when there is in Insects a difference lietween the alar organs of 
the two sexes it is the male that has them largest; this is the 
ciiise in l^hyUium .so far as the hind wings are concerned, but in 
tlie fore-wings tlu? rule is departed from, the leaf-like tegmina of 
tlie female l)eing very much larger than the rudimentary wing- 
covers of the male. In rhasmidae it is the rule that the tegmina 
are atrophied, even when the hind wings are largely developed. 
This is the case in the male of Phylliuni, but in the female this 


normal condition is re¬ 
versed. Although the alar 
organs of Phasmidae have 
received hitherto but a .small 
amount of attention, it is 
probable that the female 
tegmen of Phyllium is as 
piKudiar morphologically as 
it is ill other resiiects. In 
Fig. 156 we give an accur¬ 
ate repre.sentation of the 
chief nervures in the teg¬ 
men of a female P, cru7*i- 



Fk;. 156.—Alar organa and one side of thorax of 
Phyllium crur^ttltum: A, tegmen ; B, rudi¬ 
ment of wing C, pronotum ; D, anterior 
division of inesonotum ; E, posterior division ; 
F, inetunolurn; a, b, c, d, e, chief wing- 
nervnres ; a, mediastinal; 5, radial; c, ulnar ; 
df dividens ?; e, plicala ?. 


folium. It is interesting to comjxii'e tliis with the diagrams we 
give of the tegmina of a Blaltid (Fig. 121) and of an Acridiid 
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(Fig. 167); the tegmen of the Phyllium is very different, the radial 
vein and all the parts behind it being placed quite close to the 
posterior edge of the structure. A similar view is taken by 
both Kedtenbacher and Brauer. Tiie latter says,^ “ In Phyllium 
(the walking-leaf) almost the whole of the front wing is formed 
by the praecostal and subcostal fields; all tlie other fields with 
their nervures, including even the costa, are compressed towards 
the hind margin into a slender stripe. In the hind wing the 
costa is, however, marginal.” Unfortunately no examination 
appears to have been made of the male tegmen, so that we 
do not know whether that of the female differs from it morpho¬ 
logically as strongly as it does anatomically. It is, however, 
clear that the tegmina of the female Phyllium not only violate 
a rule that is almost universal in the Insecta, but also depart 
widely from the same parts of its mate, and are totally different— 
and, for a Phasmid, in an almost if not (piite unique fashion— 
from the other pair of alar organs of its own body. 



Fio. 157.—Egfcof Phyllium scytlu, (After Murray.) A. The whole egg, natural size ; 

A', niagnitied ; B, the capsule broken, showing the true egg inside, natural size ; 

B', magnified. 

We have already alluded to the resemblance to seeds displayed 
by the eggs of Phasmidae. The eggs of Phyllium have been 

* SB. Ak. Wien, xci. 1885, p. 361. The nomenclature a])plied to the nervures 
by these authors is not the same as that of Brunner; according to their view the 
wing of Phyllium, female, differs more from the wing of Blatta than it does accord¬ 
ing to a comparison made with the nomenclature we adopt. 
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studied by several entomologists, and their resemblance to seeds 
excites general astonishment. Murray describes the egg-capsule 
of Phyllium mjthe, and says; ‘‘ It looks uncommonly like some 
seeds; if the edges of the seed of Mirahilis jalapa were rubbed 
off, the seed might be mistaken for the egg. The ribs are all 
placed at equal distances, except two, which are wider apart, and 
the space between them flatter, so that on the egg falling it rolls 
over till it comes to this flatter side, and there lies. ... At the 
top there is a little conical lid, fitting very tightly to the mouth. 
. . . On removing the lid we see a beautiful porcelain chamber 



Fig. 158.—Portion of a longitudinal section of the egg capsule of Phyllium crurifolium: 
«, external; 6, middle ; inner zones ; if, elongate alveoli. x 100. (After 
Heuiicguy.) 


of a pale French-white colour, bearing a close resemblance to the 
texture of a hen's egg, but it is not calcareous, and has moi*e the 
appearance of enamel." The eggs of F, crtirifolium have been 
examined by Joly and Henneguy; their account confirms that 
of Murray. Henneguy adds that a prominent lozenge on the 
egg represents the surface by which the achene of an umbelliferous 
plant is unitetl to the column, and that the micropyles ai'e placed 
on this lozenge. The minute structure of the capsule has also 
been examined by several entomologists; and Henneguy,* who 
has described and figured some of the details of the capsule of 
P, crurifolium^ says, Almost every botanist, on examining for 

^ Bull, Soc. PhilomcUhique (8), ii. p. IS. 
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the first time a section of this capsule, would declare that he is 
looking at a vegetable preparation.” 

We may remark that, although there is difference of opinion 
on the point, the evidence extant goes to show that the egg- 
capsules are formed in the egg-tubes, only one egg being pro¬ 
duced at a time in a Uihe.,^ the others in it remaining quite 
rudimentary. 

About 600 species of the family are known; there are only 
four or five kinds found in Europe, and they are all confined to 
the south, only one of them extending as far nortli as Central 
France. The males of these Euroi)ean Bacilli are extremely rare 
in comparison with the females, which are common Insects. 
Phasmidae are of almost universiil distribution in the w’arm parts 
of the wwld, and even the sj.)ecies whose individuals are of large 
size seem to be able to continue their (ixisttmce in comparatively 
small islands. Australia is perhaps the region where they are 
most largely developed at present. Macleay says of Podacanihtis 
wilkiiisoni that it is rare in any part of Australia to find in the 
summer season a gum-tree without a few of these Insects grazing 
on it; and occasionally this Insect has been so abundant there 
that the trees for miles around have been diuiuded of their foliage 
by it, and the dead and dying Insects have been found lying 
Ijeneath the trees almost in lujiips. There are several Phasmidae 
in New Zealand, all wingless forms, and dilferent from those 
found in Australia. In Brazil a siHH'ies of the genus Prisopna 
has the peculiar habit of seeking sludter under the stones suV)- 
merged in the mountain streams: to enalde it to do this it is 
remarkably constructed, the under side of the l)ody Ixiing hollowed, 
and various parts set with a dense fringe of hairs; the Insect is 
8upj>osed to expel the air from the body in order to adhere to tlu? 
upy)er surfa(‘e of a stone, where it sits wdth its fore legs extended 
in front of its head, which is directed against the current. At¬ 
tention has been called to a still more remarkable form said to 
Ije allied to the Prisopi, by Wood-Mason,* who calls tlie Insect 
Cotylosoma dipneustieum. This Insect is apparently known only 
by a single example of the female sex; it is 3 or 4 inches in 
length, has rudimentary organs of flight, and along the lower 
margins of the metathorax there are said to Ije on each side five 

' Laboulbene, BiUL Soc, ent. France^ 1857, p. cxxxvi.,and Heniicguy aa above. 

« Ann, Nat.. Hint. (6) i. 1878, p. 101. 



xr 


PHASMIDAE 


273 


conspicuous fringed plates of the nature of tracheal gills; these 
coexist with oj)en stigmata for aerial respiration, as in the imago 
of Pteronarcys, The writer has examined this curious Insect, 
and thinks it very doubtful whether the plates are branchiae at 
all. The locality for this Insect is the island of Taviuni, not 
Borneo, as stated Ijy Wood-Mason. These and one or two Acri- 



Fio. 169 .—Calviaia cUnmgnaia^ female. Teuosserim. (AfU^r Brunner.) 


diidae are the only Insects of the Order Orthoptera at pivsent 
believed to possess aquatic habits. 

Although the number of species of rhasrnidae is small in 
comparison with what we find in many of the large families of 
Insecta, yet there is probably no other family that e<|uals it in 
multiplicity of form and diversity of external apiK'aranc4\ 
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Karahidion (Fig. 160), a genus found in some of the islands of 
the southern hemisphere, has the hind legs enormously thickened 
in the male. Some Phasmids, e.g. Orxines zeuxiSy have the hind 
wings marked and coloured after the manner of butterflies or 
moths. Lamponius laciniaUis has an elaborately irregular out¬ 
line, looking like a mass of moss, and some species of Bacteria 
are so very slender that the linear body is scarcely equal in size 



Fio. 160 ,—Eurycantfui {Karabidion) Fio. 161 .—Anisomorpha parda^ 

australis^ male. Lord Howe’s Una, Chili. (After West- 

Island. (After Westwood.) wood.) 

to one of the legs it l>eAr8. Among the most interesting forms 
are the Insects for which the genera Agnthemera and Aniso- 
morpha (Fig, 161) have been established; they are remarkably 
broad and short, have the mesothorax but little elongated, with 
the tegmina attached to it in the form of two short, thick, 
leathery lobes; while the wings are seen as marks on the meta- 
notum looking like a mere sculpture of the surface; these Insects 
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have quite the appearance of larval forms, and it is worthy of 
note that the elongation of the mesothorax, which is one of the 



Fio. 162.— Palophv^ cenlaurns. OKI CuliiUir. Half natural size. (After Westwood.’) 
most marked features of the Phasniidae, is in thest* forms only 
very slight. 

’ The antennae in the 8}>eciinen represented were no doubt inutilatetl, though 
Westwood ilid not say so. 
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Some Insects said to l:)elong to the genera Phasma and 
Bacteria have been found in amber. A single Insect-fossil found 
in the Tertiary strata in North America has recently been referred 




Fig. 163 .—Titanophasnia fayolL Carboniferous formation at Coinmentry. x 

(From Zittel.) 


by Scudder to the fiimily, and even to a genus still existing in 
the New World— Agathemera; the fragment is, however, so 

delective, and the clianic- 
teristic points of the 
riiasmidae are so little 
evident in it, that not 
much reliance can Ikj 
placed on tlie determina¬ 
tion. No Pliasmid has 
iKicn unearthed from 
Mesozoic strata, so that, 
with th(» exception of the 
fragment just mentioned, 
nothing tliat evidently 
belongs to the Pluismidae 
has been dis(*ovenMl older 
than the remains pre¬ 
served in aniljer. In the Carl»oniferous layers of tin; Palaeozpic 
epoch there are found remains of gigantic Insects that may 
possibly be connected with our living Pliasrnidae. These fossils 
have been treated by Brongniart and Scudder as forming a 
distinct family called Protophasinidae. The first of these authors 
says ^ that our Phasmidae were represented in the Carboniferous 

' CR, Ac. PariSf xcyiii. 1884, p. 832. 
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epoch by analogous types differing in the nature of the organs 
of flight: these ancient Insects were of larger size than their 
descendants, being 25 to 50 centimetres long, and as niuch as 
70 in spread of wing. To this group are referred, on somewhat 
too inferential grounds, the fossil wings found in the Carbon¬ 
iferous layers, and called by Golden])erg Dictyoneura, 

We reproduce from Zittel's handlxK)k a figure (Fig. 103) of 
one of these gigantic Insects, and add an attempt at a restora¬ 
tion of the Siime after the fashion of Scudder (Fig. 104). From 
these figures it will l)e seen that the relation to our existing 
riiasmidae must at best liave Ijeen very remote.^ It will l)e 
noted that the larger of the two figures is on a 1 scale. 

The classifiwition of Phasmidae was left in a very involved 
state l)y Still, but has recently teen brought into a more satis¬ 
factory condition ])y Brunner von Wattenwyl. We give a trans¬ 
lation of his table of the tribal cliaracters:— 

1. Tibiae b’eneath carinate to tlu* ajK^x, without an apical area. 

2. AnUMinae miurli longer than the fi*ont femora, many jointed, the 
joints beinj,' above 30 in number and only distinct at tlie base and 
towards tlie apex.- 

3. ^fedian [true first alKlominal] segment much shorter than the 
metanutuin.'^ The sj)ecie8 all apterous. 

4. The anal segment of the males roof-like, more or less 
bilobate. The female has a supra-anal lamina. The 
species inhabit the Old World. Tribe 1. Loxchodides 
(Fig. 148, Lonrhodes nematodes.) 

4'. The anal segment of the males archeil, straight behind. 
No supra-anal lamina in the female. The species are 
.Vmerican. Tribe 2. Bacuxculidks. 

3\ Median segment as long as, or longer than the metanotum. 

Sj>eri(^8 with the male or both sexes wingetl. 

4. Females apterous or rarely j>ossessed of short wings. 
Males winged. Femora dentate beneath, or lobed, or at 
least armed with one tooth. Species occur both in 
America and in the Old World. Tribe 3. Bacteriides. 

(Fig. 162, Palophus cenfaurus.) 


^ In his recent Iiiseetes fossihs des tnnf)s primaircs, j)}). 373 and 396, M. 
Hrongniart has him.self removed this Insect to Protodonates. We shall again men¬ 
tion it when discussing that group. 

* JJaefridiiivit though placed in this tril^e, has only short antennae, of 20 joints. 

• Loslra and CloniMrm^ lieloiiging to Bacunculides, have the median segmetd 
almost as long as the metanotum. 

^ The American genera PfcrirnKn/lus^ JIaplojnts, and Candaulest as well as the 
African Palophus^ possess winged females. 
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4'. Each sex winged. Femora smooth beneath. The 
species belong to the Old World. Tribe 4. Necro- 
SCIDES. (Fig. 169, Calvisia atrosujnata,) 

2'. Antennae (at any rate in the females) shorter than the front femora, 
the joints distinct, not more than 28 in number. The species 
belong to the Old World, 

3. Median segment shorter than the metanotum. Apterous 

species. Cerci plump. Tribe 5. Clitumnides. (Fig. 160, 
Eurycantha australis.) 

3'. Median segment longer than the metanotum. Sj)ecies usually 
winged. Cerci (except in some genera of the group Platy- 
craninae) flattened, elongate. Tribe 6. Acrophyllides, 
(Fig. 153, Cyphocrania arshuins.) 

1'. Tibiae furnished beneath with a triangular apical area. 

2. Antennae many jointed, longer than the front femora. 

3. Median segment shorter than the metanotum. Apterous 

species.^ 

4. Either head, thorax, or legs spiny or lobe<l. Tril)e 7. 
Cladomorphides. (Fig. 149, HeUropieryx yrayi.) 

4'. Head, thorax and legs unarmed. Tribe 8. Axiso- 

morphides. (Fig. Aniwmorplui pardaliiui) 

3'. Median segment longer than the metanotum. 

4, Claws unarmed. Tegmina lobe-like, either perfectly 
developed or entirely absent. Tlie winged s])ecies are 
all American, the apterous are both African and 

Australian. Tribe 9. Ph/VSMidks. 

4'. Claws toothed on the inner side. Tegmina spine-like. 
Wings well developed. The sjwcies are Asiatic. Tribe 
10. Aschipasmides. (Fig. Aschipusma catadromus.) 
Antennae shorter than the anterior femora,- formed of not more 
than 20 joints. Old World 8p<*ciea 

3. Ikxly slender. Apterous. Tribe 11. Bacillides. 

3'. Body very broad, lamina-like. Either wings or tegmina 
present Tril>e 12 . Phylliides. (Fig. Ibby PhyIlium scythe^ 
male ; Fig. 164, idein.^ female.) 


' The African and Australian genera Orohia and Parnorohia, although they have 
a short median segment, are j)laced in the trilx! Phasmides of this division. 

^ This character is evidently erroneous as regards the males of the genus 
Phyllium.—D. S, 
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ORTHOITEUA CONTINUED -ACKIDIIDAE 

Fam. VI. Acridiidae—Locusts and Grasshoppers. 

Ortho 2 )tem %vith the hind legs differing front the others hy being 
more elongate and having their femora broader near the 
base. Antennae short, with less than 30 joints. No 
exserted ovipositor in female. Tarsi short, with three 
distinct joints. The anditory organ placed on the side of 
the upper part of the first abdominal segment. 



Fkj. 165. —TryxalU nasuia, female. Natural size, Europe. 


We commence the consideration of the saltatorial Orthoptem 
with the family Acridiidae. It includes the grasshoppers of our 
native fields as well as the destructive migratory locusts of 
foreign countries, and is the most numerous in species and indi¬ 
viduals of any of the Orthopterous families. Our native grass¬ 
hoppers, though of small size, give a very good idea of the 
Acridiidae. Active little Insects, with large head, conspicuous 
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eyes, laterally somewhat compressed body, long hind legs with 
femur directed upwards and backwards, the knee-joint forming 
an acute angle, the organs of flight pressed to the sides of the 
body, our common grasshoppers represent the Acridiidae quite as 
truly as do the gigantic exotic forms, some of which measure 
9 or 10 inches across the expanded wings. 

The large head is immersed behind in the thorax; the front 
is deflexed, or even indexed, so as to be placed in a plane at an 
acute angle with that of the vertex (Fig. 165); the compound 
eyes are placed at the sides of the head and rather widely 
separated; in front there are three small ocelli. Two of these 

are placed one on each side close to 
the eye between the eye and the l)ase 
of the antenna; the third ocellus 
being in the middle just in front of 
the insertion of the antennae, l)e- 
tween the edges of the margined 
space tliat usually runs down the 
middle of tlie front. The positions 
of these ocelli and the shajH? of the 
front an<l upi>er ])arts of the hend 
are of imj>ortance in the classiflciition 
of the family; the ot»elli vary much 
Fio. 166.—Front of lieaa of/'wMc’/w ill their development, l)eing in some 
sp. rrausvaal. species l)eautifully cle^ir and promi¬ 

nent (Fig. 166), while in others they are small, not easily detec^tiMl, 
apparently functionally imperfect. The antennae are never very 
long, are sometimes compressed and jiendent from the front of the 
heiid. The parts of the nioutfi are very large. The protliorax is 
much arcluxl; it is often carinate or crested along the middle of 
the notuin ; this part is frequently prolonged backwards, forming a 
sort of hcxxl over the liase of the wings; the surface may be 
rugged or warty, forming in some .sjiecies inexplicalile structures; 
tlie legs are widely separated, all of them lieing placed at tjie 
sides of the Ixxiy; the edge of the pronotum is distinct and 
situate close to the base of the leg; the prosternum frequently 
bears a large projection extending directly downwards between 
the front legs. The mesothorax is short, its chief sternal piece 
is very broad, the middle legs being very widely separated. The 
metathorax is larger; its sternal plate usually exhibits behind a 





ACRIDIIDAE 


XII 


281 


Rort of embrasure filled up by a p()rtioii of the first ventral plate. 
The hind body is elongate, and shows distinctly eight dorsal 
segments, behind which are the 
pieces forming—in the female, the 
fossorial organs which replace an 
ovipositor—in the male, the modi¬ 
fied parts connected with the ter¬ 
minal segment. The alar organs 
(Kig. 167) exhibit, according to 
Brunner, the sjime areas as we 
have described in Blattidae. Ac¬ 
cording, however, to Bedtenbaciliiu' ^ 
the tegmina of the: Acridiidae and 
otlier Siiltiitorial Orthoptera differ 
from those of the cursorial group 
(witli the exce]>tioii (»f tlu^ Blias- 
midae) in that they possess a 
l)raecostal field, due t(j tlie fact 
that tlie vein whicli in the Cur- 
soria is costal, i.e, forms the front 
margin, in the Saltatoria lies, on 
the contrary, in tlie field of the 
wdng. If tliis view’ be correct the 
mediastinal area of Brunner is not 



Fic;. 1<>7. — Alar organs of At 

{/in/oflenm tvhervufata). A, Lelt 
tegnien ; B, left wing; ar.medy area 
iniHliastina ; rtr..ve, area sca^mlaris; 
ar.disCf area distroidalis ; ar.an^ anal 
area; n?;i, vena inediastina; 
vena radtalis ; i.r.a, vena radialis 
anterior ; r.r.r/i, vena radialis media ; 
f.r.p, vena radialis jmsterior; r.i, 
vena intercalata ; r.w.a, vena ulnaris 
anterior; r.i/.ju, vena ulnaris pos¬ 
terior ; r.tf, vena diviilens ; vena 
plicata. (Alter Brunner.) 


liomologous in the two division.s. The tegmina are long and 
comjHiratively narrow’; they are of firm parchment-like texture, 
with several longitudinal veins, which divide lieyond the middle, 
so as to become more numerous as they rem*h the extremity of 
the wdiig; there is much reticulation, dividing the surfact* into 
numerous small cells. The hind wings are much more ample, 
and of more delicate texture; the longitudinal veins fork but 
little, the numerous cross veinlets are line. In repose the hind 
wings fold together in a fan-like manner, and are entirely con¬ 
cealed l)y the ujiper wing.s. The front and middle legs are 
similar and small, the coxae are quite small, and do not com¬ 
pletely fill the articular cavities, which are partly coverml by 
membrane; all the tarsi are three-jointed. The basal joint, when 
looked at beneath, is seen to bear three successively placed pads, 
80 that from l>eneath the tarsi look as if they were five-jointed 


' Ann. Ho/mns. trien, i. 1886, p. 175. 
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(Fig. 185, C). The hind legs are occasionally very long; their 
1 ‘emora, thicker towards the base, are generally peculiarly sculp¬ 
tured, bearing longitudinal ridges or grooves, which are more 

or less spinose, and are also 
very frequently marked with 
short parallel lines meeting a 
central longitudinal line at 
similar angles, so as to give 
rise to a well-marked pattern; 
where the legs are bnmder 
tlie pattern is more complex 
(Fig. 1G8). The long tibiae 
bear tw’o row^s of 8])ines on 
their uj)per or posterior edge; 
this ])art of the hind leg can 
\)o coni])letely bent in under 
the femur. The stigmata consist of one prothoracic, one meta- 
thoracic, and eight abdominal pairs. 

In reference to the ocelli, which are shown in Fig. 166, we 
may remark that the Acridiidae is one of thci large groups of 
Insects in which the coexistence of com])ound and single eyes is 
most constant, though in some of the wingless forms the ocelli 
are very imperfect. We know at present of nothing in the 
habits of Acridiidae to render two kinds of eyes sjiecially neces- 
Sfiry. We shall subsequently see that a similar condition in 
regard to the function of hearing is Ijclieved to exist in this 
family. 

Acridiidae are remarkable amongst the Orthoptera for the 
possession of air sacs or vesicular dilatations in the interior of the 
Insect in connexion with the tracheae (Fig. 176). Such vesicles 
are found in many of the higher winged Insects, but not in larval 
forms, or in those that are destitute of powers of flight.' They, 
no doubt, assist the Insect in its movements in the air. The body 
of a large grasshopper or locust is naturally of considerable 
weight, and it is more than probable that true flight can only l)e 
accomplished when these vesicles are dilated and filled with air. 
The exact mcxle in which the sacs are dilated is not known; 
possibly it may l)e accomplished by the elasticity of the structure 
of the vesicles coming into action when the other contents of the 
' Newport, TV, Linn, Soc, xx, 1861, p. 419. 



Fig. 168.—Hind leg of Porthetis sp. 
Transvaal. 
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body are not completely developed, or are temporarily diminished. 
Although air vessels are absent in the neighbouring groups of 
Orthoptera, Dufour says they are present even in apterous forms 
of Acridiidae, but he gives no particulars.^ Packard has given 
an account ^ of the arrangement of these remarkable sacs in the 
RcKjky Mountain I..ocust. He finds that there are two sets: a 
thoracic group, consisting of a pair of very large size, with which 
are coiinectiMl some smaller sfics plaml in the head; and an 
abdominal set, which forms a very remarkable series. The 
figures we give (Fig. 176, A, P) show that these sacs are of such 
large size tliat if fully distended they must interfere with the 
development of the ovaries, and that they must be themselves 
gre^itly diminislied, if not obliterated, by the distension of the 


alimentary canal. We may hK)k on them 
as only coming into full jday when the 
normal distension of the cjiuuil is prevented, 
and tliere is only small development of the 
reproductive organs. Under such circum¬ 
stances the l(K*\ist becomes a sort of balloon, 
and migrates. In addition to the air sacs 
tliere are many dilatable tracheae, plained 
chielly in parts of the body where there is 
not spa(!e for the large air sacs. These are, 
for the sake of clearness, omitted from our 
figuie. 

The ganglia constituting the brain are 
simpler in Acridiidae than they are in the 
higher Insects, such as Iw^es and wa.sps, and 
have lieen specially studied by Packard* 



and Viallanes.^ The other ganglia of the Fig. 169.—Ovaries of Oedt- 
nervous cord are eight in number, three 

thoracic and five alKlominal. api>eiidage; c, sebific 

The stilivary glands are small. The ^ ’ ‘^^^V”Dufour.)“* 
alimentary canal is capacious but not 


coiled. It has no gizzard, but the crop has a jieciUiar structure, 
apparently as a substitute. There are diverticula connected 


with the true stomach. The Malpighian tubes are elongate 


' Mem. Ac, Sci, Strang, vii. 1884, p. 274. 

* First Ann. Jiep. U.S. £nt. Comm. 1878, p. 271. 

® Rep. U.S. £nt. Comm. ii. 1880, p. 223. ^ Ann. Set. Nut. (7) iv. Xonf. 1887. 
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and extremely numerous. The pair of testes is united in a 
single envelope. The form and arrangement of the ovaries 
is remarkable (Fig. 169); the egg-tul)es are united by the con¬ 
vergence of their terminal threads into a single mass; outside of 
each ovary there extends a large calyx, into which the tul)es 
open; each calyx is prolonged at its extremity, and forms a long, 
convoluted tube. 

Acridiidae possess structures for the production of sound, together 
with others that are, no doubt, for liearing. The chirping of grass¬ 
hoppers is accomplished by rubbing together tlie outer face of the 

upper wing and the inner face of the hind 
femur. This latter part Innirs a series of 
^ small bead-like prominences placed on 
the upper of tlie tw’o lower ridges that 
of Sienohothrus, male, iiionyi; the Side that is nearest to the 

showing line, of musical body (Fm. 170); tlie temueii or wing-casc 
beads. (After Landois, , • ri- i- 

magnified three times.) projecting Veins, one ot which is 

slightly more prominent, and has a sharp 
edge; by scraping this edge over the U)ads of the femur tlu^ wing 
is thrown into a state of vibration and a musical sound is j>ro<luced. 
The apparatus for producing sound was for long supposed to be 
confined to the male mx of grasshoppers; it was indeed known 
that females made the move¬ 
ments appropriate for producing 
music, but as they appeared to 
lie destitute of instruments, and 
as no sound was known to 
follow from their efforts, it was 
concluded that these were 
merely imitative. Gralier has, 
liowever, discovered ^ that rudi- 
mentjiry musical organs do 
exist in the females of various 
species of Stenobothrus (Fig, 

ITl, B). It is true that in 
comparison with those of the male (Fig. 171, A) they are 
minute, but it would apj^ear that they are really phonetic, 
though we can hear no sounds resulting from their use. 

Graber considers that the musical pegs of Acridiidae are 
' T^erh. zool.-bot. Ocs. JFien, xxi. 1871, j). 1097. 



Fig. 171.— A, Some of the knobs projecting 
from the surface of the femur of Stenoho- 
thrus melanopteruSj male ; B, same of the 
female. Highly magnified. (After Graber.) 
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modified hairs, and he states that in certain females the stages 
intermediate tetween hair and peg can }>e found. Tiiere is 
apparently much variety in the structure of these instruments in 
different species, and even in individuals of the same species. 
In Stenobotlirus lineatus, instead of l>egs, the instrument consists 
of raised folds. 


In some of tlie aV>eiTant forms of Acridiidae—certain Eremo- 
biides and 1‘neumorides—tlie males are provided with sound- 
luoducing instruments different to those we have descrited, both 
as regards situation and structure. 

If the dor.sid as}Xict of the first segment of the hind body of 
an Acridian InstKit l)e carefully examined there may l»e seen in 


the majority of species an organ which has 
somewliat tlie apjiearance of an ear (Fig. 172), 
and which there is great reason for Ijelieving to 
be really an organ of that nature. It is situate 
a little over the articulation of the hind leg, 

very close to the 
spot where the 
B sound is, as above 

des(.Tibed, produced. 
There are three 



e 



Fio. 172. —Middle 
of bo<iy of Pacht/- 
iylujf nigrofasci- 
atiiSy to show 
tyni pail uni, e. 
(After Brunner.) 


forms of these Acri¬ 
dian ears as deserilied by Brunner: ^ 
(1) a membrane surrounded by a 
rim ; (2) the membrane somewhat 
depressed, a ])ortioii of the segment 
projecting a little over it; (2) the 
depression very strongly marked, 
and the sides projecting over it so 
much that all that is seen externally 
is a sort of broad-slit with a cavity 
Iieneath it. This last is the con- 

Fio. ,/««««.• A. 

Insect with wings expanded; B, the genera MeCOStcthus (Fig. 172) 

and which, are aiiioug 

our few native grasshopjiers. On 
minute examination this ear proves to consist of a tympanum 
supplied internally with nerve and ganglion in addition to 



' VerK zo<)l,-bot. Oes, Wien^ xxiv. 1874, p. 286. 
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muscles, and tracheal apparatus of a complex nature; it is no 
doubt delicately sensitive to some forms of vibration. Unlike 
the stridulating organ, these ears exist in both sexes; they are 
found in a great majority of the species of Acridiidae, The 
forms in which tlie ears are absent are usually at the same time 
wingless and destitute of oi'gans of stridulation ; but, on the other 
hand, there are species—some of them wingless—that are, so far 
as is known, incapable of stridulation and yet possess these ears. 

It is, indeed, a matter of great difficulty to decide as to the 
exact function of these ear-like acoiistic organs, which, we may 
remind the reader, are j)eculiar to the saltatorial Orthoptera, and 
we must refer for a full discussion of the subject to Graber’s 
masterly works,^ contenting ourselves with a brief outline, which 
we may commence by siiying that the Orthoptera with ears are 
believed to be sensitive to sounds by means other than these 
organs. This suggests that the latter exist for scane purj)Ose 
of perception of special sound. But if so what can this be ? 
Only the males possess, so far as we know, effective sound- 
producing organs, but both sexes have the special ears ; more¬ 
over, these structures are pres(mt in numerous s])eci(is where 
we do not know of the existence of phonetic organs in either 
sex. Thus it appiws at present impossible to accept these 
organs as being certainly special structures for the ])cr(?eption 
of the music of the species. It is generally thought that the 
females are charmed by the music of the males, and that these 
are stimulated to rivalry by the production of the sounds; and 
Dufour 2 has suggested that this jmK^ess reacts on the physio¬ 
logical processes of the individual. There has not been a sufficient 
amount of observation to justify us in accepting these views, and 
they do not in any way dispose of the difliculty arising from the 
existence of the acoustic organs in species tliat do not, so far as 
we know, produce sj)ecial sounds. It is possible that the solution 
of the difliculty may be found in the fact that these aj^parently 
dumb sjKicies do re;illy produce some sound, though we are (piite 
ignorant as to their doing so. It is well known that sounds 
inaudible to some human ears are perfectly distinct to others. 
Tyndall, in his work on Sound, has illustrated this by a fiict that 
is of special interest from our pre.sent point of view. '' Crossing 


' Denk, Ak. Wien^ xxxvi. 1876 ; Arch, mikr. Anat. xx. and xxi., 1882. 
* Mem. Ac. Sei, £trayuj. vii. 1834, p. 306. 
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the Wengern Alp with a friend,” he says, “ the grass on each side 
of the path swarmed with Insects which to me rent the air with 
their shrill chirruping. My friend heard nothing of this, the 
Insect world lying Ijeyond his limit of audition.” If human 
ears are so different in their capacities for perceiving vibrations, it 
of course becomes more probable that auditory organs so differently 
constituted as are those of Insects from our own may hear sounds 
when the best human ear can detect nothing audible. On the 
whole, therefore, it would appear most probable that the Orthoptera 
provided with acoustic organs, and which we consider dumb, are 
not really so, but produce sounds we cannot hear, and do so in 
some manner unknown to us. If tfiis be the wise it is probable 
tluit these ears are s]i)ecial organs for liearing particular sounds. 

Scudder, who lias given considerable attention to the subject 
of Orthopteran music, stiys that in N. America “ the uniformity 
with which each species of Steiiohothrus plays its own song is 
quite remarkable. One kind, Stenohotlirm curtijyennis, produces 
al30ut six notes per second, and continues them from one and a 
half to two and a lialf seconds; another, S, melanopleurus, makes 
from nine to twelve notes in aliout three seconds. In Ixith 
cases the notes follow each other uniformly, and are slower in the 
shade than in the sun.” 

Some of the species of Acridiidae, it should he noticed, produce 
a noise during their flights through the air, due to the friction 
of the wings; whether this has a definite importance, or whether 
it may Ije entirely incidental, has scarcely yet been considered. 

Information of a siitisfactory kind as to the post-embryonic 
development of the Acridiidae is but scanty. AVe have repre- 
scmted in Fig. 84, A, the condition in which a migratory locust, 
Sckistocerca pfref/riiui, leiives the egg, and we will here complete 
the account of its growth ; following Brongniart,^ whose stiitement 
is confirmed by I^estage and other naturalists. Immediately 
on leaving the egg the young locust casts its skin, and is then 
of a clear green colour, but it rapidly liecomes brown, and in 
twelve hours is black. At this early age the gregarious in¬ 
stinct, possessed by this and some other species of Acridiidae, 
l>ecomes evident. In six days the individual undergoes a second 
moult, after which it is black, spotted and l>anded with white, and 
with a rose-coloured streak on each side of the hind baiy. The 
^ Bull, Soe, Philomalh, {S) y, 1893, p. 5. 
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third ecdysis occurs in six or eight days after the second; the 
rose colour becomes more distinct, and the head is of a brown tint 
instead of black. After eight days the fourth ecdysis occurs; 
the creature is then about 35 millimetres long; its colour has 
much changed, the position of the markings is the same, but the 
rose colour is replaced by citron yellow, the line of the spiracles 
is marked with white, and at this time the creature has the " first 
rudiments of wings,” and is very voracious. In ten days another 
ecdysis takes place, the yellow colour is more vivid, the prothorax 
is definitely speckled with white, and the liind body is increasing 



Fig. 174.—Development of wings in Caloptenus !< 2 )retns: the npjK'r row gives a lateral 
view of tlie thoracic segments, ami the lower row a «lorsal view of these segments ; 
1, second instar ; 2, third insUr ; 3, fourth instar ; 4, fifth instar. (After Riley.) 
ty tegmen ; w?, wing. 


much ill size. In fiften or twenty days the sixth moult occurs, 
and the Insect apjiears in its jKirfect form; the large tegmiim 
now jiresent are marked with black in the manner so well known, 
and the surftice; generally is variegated with bluish and rosy marks. 
Although this is the colour in Algeria, yet apparently it is not 
so farther south; the Insects that arrive thence in the Frenph 
colony are on some occtisiorfs of a different colour, viz. reddish or 
yellowish, those of this latter tint lieing, it is believed, older 
specimens of the reddish kind. M. Brongniart points out that 
some Phasrnidae—of the Fhyllium group—undergo an analogous 
series of colour-clianges in the course of the individual develop¬ 
ment, though other sjjecies do not. 
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Riley and Packard have given an account ^ of some parts of the 
l)ost-embryonic development of the Rocky Mountain Locnist, which 
enables us to form a satisfactory conception of the stages of de¬ 
velopment of the wings. Fig. 175, A, rei)resents the first instar 
the young locust, just emerged from the egg and colourless. Fig. 
174 shows some of the subsequent stages of development of the 
wings, the upper line of figures giving a profile view of the 
thoracic segments, and 
tlie lower line showing 
their dorsiil aspirets ; 1 
shows the condition of 
the parts in tlie second 
instar, the chief differ¬ 
ence from the first instar 
being the developnumt 
of <‘(>lour; in the third 
instar there is an evident 
slight development of 
the future alar organs, 
exhibited chiefly in the 
outgrowth and lobing 
of the free ]>ost(‘rior 
angles of the meso- and 
metanota, as shown in 
Fig. 174 , 2. After tlie 
third moult there is a 
great difference ; the in¬ 
star then disclosed — 
the fourth—has under¬ 
gone a considerable 

change in the position —CahpUnm spretm. North America. A* 

« ., , ^ Newlv hatched, iimch magnified ; B, adult, natural 

of the meso- and meta- (After Kiiey.) 

thoraces, which are 

thrust forward under the pronotnm ; this has become more enlarged 
and hood-like (Fig. 174, 2); at the same time the wing-rudiments 
have l)ecome free and detached, the metathoracic j>air Inung the 
larger, and overlapping the other j)air. The fifth instar (Fig. 174, 
4) differs but little from the fourth, except in the larger size of the 
pronotuin and wing-rudiments. The sixth—shown in Fig. 175, B 
' First Ann, Itep. U,S. EuL Comm. 1878, p. ‘279. 
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—is the perfect Insect, with the alar organs free and large, the 
prothorax much changed in form, the colour different. From the 
above it will be seen that the chief changes occurred at the third 
and fifth ecdyses, after each of which a considerable difference in the 
form of the Insect was revealed. In the first three instars the 
sexes can scarcely be distinguished, in the fourth they are quite 
distinct, and in the fifth coupling is possible, though usually it 
does not occur till the final stage is attained. 

Tiie discovery that Orthoptera change their colours in the 
course of their development, and even after they have become 
adult, is important, not only from a physiological point of view, 
but because it throws some light on the questions as to the 
number of species and the gei)graphical distribution of the 
migratory locusts, as to which there has existed a great confusion. 

The Acridiidae are considered to be exclusively vegehible 
feeders, each individual consuming a very large quantity of ItMxl. 
The mode in whicfi the female deposits her eggs has been 
described by Rileyand is now widely known, his figures having 
been frequently reproduced. The female has no elongate ovi¬ 
positor, but possesses instead some hard gonapophyses suitable for 
digging purposes; with these she exciivates a hole in the ground, 
and then deposits the eggs, together with a (piantity of fluid, in 
the hole. She prefers hard and compact soil to that which is 
loose, and when the operation is completed but little trace is left 
of it. The fluid deposited with the eggs hardens and forms a 
protection to them, corresponding to the more definite capsules of 
the cursorial Orthoi>tera. 

The details of the prix^e.ss of oviposition and of the escape of 
the young from their imprisonment are of nmch interest. Accord¬ 
ing to Klinckel d’Herculaisthe young Stauronotua maroccanua 
escapes from the capsule by putting into action an ampulla 
formed by the membrane between the liead and the thorax; this 
ampulla is 8up|X)sed to be dilated by fluid from the body cavity, 
and is maintained in the swollen condition by the Insect accumu¬ 
lating air in the crop beneath it. In order to dislodge the lid of 
the capsule, six or seven of the young ones inside combine their 
efforts to push it off by means of their ampullae. The ampulla 

* Ins, Missouri^ ix. 1877, p. 86. 

• Bull Soc. enl France (6), x. 1890, p. xzxvii., and OR, Ac, Paria^ cx. 1890, 
p. 657. 
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subsequently serves as a sort of reservoir, by the aid of which the 
Insect can diminish other parts of the body, and after emergence 
from the capsule, penetrate cracks in the earth so as to reach the 
surface. Immediately after doing this the young Stauromtus 
moults, the skin it casts being called by Klinckel an amnios. 
The cervical ampulla reappears at subsequent moults, and enables 
the Insect to burst its skin and emerge from it. 

The process is apparently different in Caloptenus spretus, 
which, according to liiley, ruptures the egg-shell and works its 
way out by the action of the spines at the apex of the tibiae. 
This latter Insect when it emerges moults a j)ellicle, which Eiley 
considers to be part of the embryonic membranes. 

Eiley states that a female of Caloptenus sitreius makes several 
egg-mas.ses. Its pericxl of ovipositing extends over about 62 
days, the numl)er of egg-masses Ijeing four and the total number 
of eggs deposittni about 100. The French naturalists have 
recently observed a similar fact in Algeria, and have ascertained 
that one of the migratory locusts— Schistocerea peregrina —may 
make a deposit of eggs at more than one of the j>laces it may 
alight on during its migration 

It has been ascertained that the eggs of Acridiidae are very 
nutritious and aftbrd sustenance to a numl)er of Insects, some of 
which indeed api)ear to find in them their sole means of subsist¬ 
ence. Beetles of the family Cantharidae frequent the localities 
where the eggs are laid and deposit their eggs in the egg-masses 
of the Orthoptera, which may thus be entirely devoured. Two¬ 
winged flies of the family Bombyliidae also avail themselves of 
these eggs for fcKKl, and a mite is said to be veiy destructive to 
them ill North Americii, Besides being thus destroyed in 
enormous quantities by Insects, they are eaten by various birds 
and by some niamniiils. 

Most of the Insects called locusts in popular language are 
meml>ers of the family Acridiidae, of which thei'e are in different 
parts of the world very many sjiecies, probably 2000 l)eing 
already known. To only a few of these can the term Locust l^e 
correctly applied. A locust is a species of grasshopiH?r that 
occasionally inci*eases greatly in numl)er, and that moves alxnit in 
swarms to seek fresh foixl. There are many Orthoptera that 
occasionally greatly increase in numbers, and that then extend 
their usual area moixi or less; and some Acridiidae multiply 
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locally to a great extent—very often for one or two seixsons only, 
—and are then called locusts. The true migratory locusts are 
species that have gregarious habits strongly developed, and 
that move over considerable distances in swarms. Of these there 
are but few species, although we hear of their swarms in many 
parts of the world. 

The migratory locusts do mucli more damage tlian the endemic 
species. In countries that are liable to their visitations tliey 
have a great intluence on the prosjxu'ity of the inliabitants, for 
they appear suddenly on a sjiot in huge swarms, wliicli, in the 
space of a few hours, clear off all the vegetable food tliat can 1 k^ 
eaten, leaving no green thing for Kast or iiian. It is dillicult 
for those who have not xvitnessed a s(;rious invasion to n^alise the 
magnitude of the event. large swarms consist of an almost 
incalculable numter of individuals. A writer in Xtiture^ states 
that a flight of locusts that passed over the Ked Sea in Xovember 
1889 was 2000 square miles in extent, and he estimated its 
weight at 42,850 millions of tons, each locust weighing -j\. of an 
ounce. A second similar, perhaps evmi larger, fliglit was seen 
passing in the Siime direction the next day. That such an 
estimate may be no exaggeration is ren(U»r(*(l ])robable by other 
testimony. From official accounts of l(K*usts in Cyprus we find that 
in 1881,^ up to the end of OctoUn*, 1,000,000,000 cgg-ca.ses had 
been that seiison collected and destroy(‘d, each case containing a 
considerable number of eggs. By the (uid of the seascui the weight 
of the eggs collected and made away with amounted to over 1 MOO 
tons, and, notwithstanding thi.s, no less than 5,070,000,000 egg- 
ca.ses were, it is l)elieved, deposited in the island in 188M. 

When we realise the enormous number of individuals of which 
a large swann of hxnists may consist we can see that famine is 
only a too probalJe sequence, and that pestilence may follow—as 
it often has done—from the decomposition of the bodies of the 
dead Insects. This latter result is mxid to have (xcurred on some 
occasions from locusts flying in a muss into the sea, and their 
dead Ixxlies Ijeing afterwards waslied ashore. 

Ix)cu.st swarms do not visit the districts that are subject to 
their invasions every year, but, as a rule, only after intervals of 
a considerable number of years. It has bt^en satisfactorily 

' Carrutliors in Nature^ xli. 1889, p. l.'i.l. 

* Blue-hookf C, 4960, 1887 ; ami P. enL Soc. iMtidon^ 1881, p. xxxviii. 
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ascertained tliat in both Algeria and North America large swarms 
occur usually only at considora])le intervals. In North America 
Ilih^y thought ^ the average ])eriod was about eleven years. In 
Algeria the first invasion that occurred after the occupation of 
the country by the French was in 1845, the second in 1864, 
the third in 1866, since which 1874 and 1891 have been 
years of invasion. Tliese bn^aks seem at first strange, for it 
would be siqiposed that as locusts liave great powers of increase, 
when once they were established in any spot in large numbers, 
there would be a constant production of superfluous individuals 
whicli would have to migrate as r(*gularly as is the case with 
swarms of bees. The irregularity seems to depend on three facts: 
viz. that the increase of hx:usts is kept in check by parasitic 
Insects; that the eggs may remain more than one year in tlu‘. 
ground find yet luitch out when a favourable season occurs; and 
thfit the mignitory instinct is only effective when great numbers 
of superfliuais individiails fire ])roduc(‘d. 

It is not known tluit the parasites have any power of re- 
mfiining in fibeyfince as the l<K*ust eggs may do; and the bird 
destroyers of the locusts iiifiy grefitly diminish in numbers during 
fi yt*ar wluui the Insects are not numerous; so that a dispro- 
])ortion of numbers betweeui the IcK'Usts find their destroyers may 
firisi^ and for fi time the locusts may increase rapidly, while the 
pfirasites are iiiucli inferior to tlieni in numbers. If there should 
coiiii^ ii year when very few of tlie hx-usts hatch, then the next 
yeiir tliere will be very few parfisites, and if there should then be 
fi large, hat(*hing of locusts from eggs that luive remained in 
abtwance, the i)arasiti‘s will not bo present in suflicient quantity 
to keep the destructive Insects in check; consequently the next 
yefir the increjise in number of the kxusts may lx so great as to 
give rise to a swfirm. 

It is well estalilished thfit hxusts of the migratory sjxcies 
exist in countries without giving rise to swarms, or causing finy 
serious injuries; thus Pachytylus cincrascens —perhaps the most 
important of the migratory locusts—is always present in various 
kxalities in Belgium, and d<xs not give rise to swarms. When 
migration of locusts iloes occur it is attended by remarkable, 
nuinifestfitions of iiivStinct. Although severiil generations imiy 
elapse without a migration, it is believal that the locusts when 

' Kfp, Entomologist^ 1885, p. 229. 
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they migrate do so in 



the direction taken by predecessors. 
Their movements are to a large ex¬ 
tent dependent on the wind, and it 
is said that they make trial flights 
to ascertain its direction. When on 
the wing probably very little mus¬ 
cular effort is necessary. Their 
iKxlies conttiin elastic air sacs in 
communication with the tracheae, 
and at the time of flight it may 1x3 
presumed tliat the Unly is compara¬ 
tively empty, fcxxl Ixnng wanting, 
and the internal organs of repro¬ 

duction, whicli occupy a large space 
when in activity, yet undeveloped, 

hence tlie siics have full room for 
expansion, as explained on j). 283. 

A Thus the Inswts exert ])ut little 

Fig. 176.— Portions of VxHiy of effort ill their aerial movements, and 

Caloptenus spretus io wnne ‘i • i t i t • n i i 

of the air-sa^-s. (Mociitied from «i’e, it IS Indieved, chictly boHie by 

Packard.) A, Dorsal aspect of wind. Should this beCOniC lUl- 

anterior parts; B, lateral aspt^ct ,, i-ii. 

of ix)sterior parts of i»ody; o, en- lavourablc it is said that they alight 

largeraenU of tracheae in head ; ^^^^it for a change. 

A, pair of large sacs in thorax; i i 

f, sacs on the tracheal trunks of The most obsciirc point in the 

abdomen ; spiracles. natural history of the migratory 

hxjusts appears to be their disappearance from a spot they 
have invaded. A swarm will alight on a locality, dejxisit there 
a number of eggs, and then move on. But after a lapsi^ of a 
season or two there will lie few or none of the species present 
in the spot invaded. This appears to be partly due to the young 
locusts dying for want of fcxxi after hatching; but in other cases 
they again migrate after growth to the land of their ancestors. The 
latter fact is most remarkable, but it has lx3en ascerUiined by the 
U.S. Entomological Commission that these return swarms do occur. 

In South Africa it would appear that the movements of 
the migratory locusts are frequently made liefore the Insects have 
acquired their wings. Mrs. Barber, in an account of " Locusts and 
Locust-Birds in South Africa,'' ^ has illustrated many jx:)int8 in the 

» Tr. S. Afr. PhiL Soe. i. 1880, p. 193. 
mUcieollU StSl. 


The species is thought to be PathytyUis 
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Natural History of these Insects. The South African species mani¬ 
fests the gregarious and migratory disposition when the individuals 
are quite young, so that they travel in flocks on foot, and are called 
by the Hutch “ Voetgangers.” After hatching, the various families 
of young amalgamate, so that enormous numbers come together. 
Having denuded the neighlKiurhood of all its food-supplies, they 
move ott* in searcli of fresh crops and pastures new. They take advan¬ 
tage of roads, and sometimes a go<jd many miles will te traversed in 
a day ; they proceed by means of short leaps,rapidly rej>eated. When 
the Yoetgangers ” are thus returning northwards towards the 
lands in the interior from which their progenitors departed, no 
obstacles can stay their course?. Forests or rivers may intervene, 
diverting them for a while from their line of march, but they 
succeed ultimately in continuing their journey to the interior. 

The manner in which these wingless locusts occasionally cross 
broad rivers is interesting, as it lifts some bearing on the 
difficult question of the possibility of winged locusts crossing seas 
of considerable width. Mrs. HarWr refers to an instance that 
tcKik ])lace on the Vfuil River in the spring of the year 1871, 
shortly after the discovery of the Diamond-fields. The country 
was at that time swarming with young locusts; every blade of 
gniss was desired off by them. One day a vast swarm of the 
“ VcK^tgfingers ” niiide their apj^iearance on the Imnks of the Vaal 
River; they appeared to In; in search of a spot fc»r crossing, 
which they could not find, the river lx»ing somewiiat swollen. 
For several dfiys the locusts tmvelled up the stream; in the 
course of doing this they pjiused for some time at an abrupt 
IkukI in the river wdiere a numljer of rwks were cropping out, 
as if in doubt whether to jittempt a pissage at this place. They, 
however, passed on, as if with the hojie of finding a lx?tter ford; 
in this ajiparently they were disapjxfinted, for three days after¬ 
wards they returned to the same liend of the river, and there 
plunged ill vast multitudes into the stream, where, assisted by a 
favourable current and the sedges and water-plants which grew 
upon the projecting rocks, they managed to effect a crossing, 
though great numbers were drowned and carried away by the 
flooded river. Mrs. Barber adds that “ Yoetgangers ” have heeii 
known to attempt the passage of the Orange River when it was 
several hmidred yards in bre^idth, pouring their vast swarms into 
the flooded stream regardless of the consequences, until they 
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became heaped upon each otlier in large bodies. As the living 
mass in the water accumulated, some portions of it were swept 
away by the strong current from the bank to which they were 
clinging, and as tlie living hxjusts tightly grasped each other and 
held together, they became flotiting islands, tlie individuals con¬ 
tinually hopping and creeping over each other as they drifted 
away. AVhether any of the locust-islands succeeded in reaching 
the opposite bank is unknown; probaldy some of them were 
drifted on land again. They are by no means rapid swimmers; 
tliey do not perish easily in the wat(‘r when in masses, tlieir 
habit of continually changing places and lu)]>j)ing and creeping 
round and round upon eacli other Ixdng very advantageous as a 
means of preservation. It is a common practice for the young 
locusts to form a luidge over a moderattdy broad stream by 
plunging indiscriminately into it and liolding on to each other, 
grappling like drowning men at sticks or straws, or, in fact, 
anything that comes within their reacli, and that will assist in 
tloiiting them; meanwhile tho.se from lK.dniul are eag(‘rly pushing 
forward over the bodies of those that are already in tin? stream 
and hurrying on to tlie front, until at length by this ju-oc’tjss 
they reacli the opposite bank of the river; thus a floating mass 
of living Icxjusts is stretched across the stnvini, forming a bridge 
over which the whole swarm jiasses. In this manner few, 
comjiaratively speaking, are drowned, because the same in¬ 
dividuals do not remain in the water during the wdiole of the 
time occujiied by the swarm in crossing, the Insects continually 
changing places with ea(*h other; those that are iRUieath are 
endeavouring to reach the surface l)y climbing over others, whilst 
tho.se above them are, in their turn, iKung forced Udow. Locaists 
are exceedingly t(*iiacious of life, remaining under water for a 
considerable time without injury. An ajipareiitly drowneil locust 
will revive Inmeath the warm rays of the sun, if by chance it 
reaches the bank or is cast on shore. Mrs. liarber relates ^an 
interesting ca.se where the in.stinct of the VcK^tgangers ” was at 
fault, they plunging into a river from a steep sandy bank, only 
to find another similar sandy precijnce on the other side. On this 
they could gain no footing, and all perished in the stren-m, where 
they putrefied, and caused the death of the fish, which floated 
likewise on the surface; so powerful were the effluvia produced 
that no one was able to approach the river. 
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I^ocusts arc able to travel coiiRiderable distaiici^s, though how- 
far is quite uncertain. Accounts vary as to tlicir moving by 
night. It has, however, Ixjen recently proved that they do 
travel at night, but it is not ascertained how long tliey can 
remain in the air without descending. The ocean is undoubtedly 
a source of destruction to many swarms; nevertheless, they 
traverse seas of considered de width. They have been known 
to reach the Ikilearic Islands, and Scudder gives ^ a well-authen¬ 
ticated case of the occurrence of a swarm at sea. On the 
2 nd of November 18Go a sliip on the voyage from Bordeaux 
to Boston, when 1200 miles from the nearest land, was iii- 
vadi'd by a swarm of bnuists, the air and the siiils of the shi}> 
l)eing filled with them for two days. The si)eci(‘s ju-oved to 
l)e Acridium (Sclrisforrrm) ‘peretjriniiyn. This is an extra¬ 
ordinary case, for locusts do not fly with rapidity, being, indeed, 
as we have remarked, chiefly carried ly the wind. Possibly 
some species may occasionally rest on the water at night, pro¬ 
ceeding somewhat after the fashion of the Voetgangerswhen 
passing over rivers as describcnl by Mrs. Barln:*!*. In Sir Hans 
Sloane’s liistory of Jamaica an ac<*ount of an occurrence of this 
kind is given on tlui authority of Colonel Needham, who states 
that ill 1049 locusts diivastated the island of Tenerife, that they 
were seen to come from Africa when the wind was blowing thence, 
that they flew as far as they could, then alighted on the water, 
one on the other, till they made a heap as big as the greatest 
ship, and tliat the next day, Udiig refreshed hy the sun, they took 
flight again and landed in clouds at Tenerife. De Saussure says ' 
that the great oceans are, as a rule, inipassiible barriers, and that 
not a species of the tribe, Oedipodides has passed from the Old 
World to the New. It is, however, ])ossil)le that Acridivm prre~ 
Ifrinvni, of the tribe Acridiides, may have originally been an inhabi¬ 
tant of America, and have ptsscnl from thence to the Old World. 

The spivies of Acridiidae that have Iwn ascertained to Iki 
migratory are not numerous.^ Tlie most abundant and widely 
distributed of them is ravhytylus vinerascens (Pig. 177), which 
has invaded a large part of the Eastern hemisphere, extending 
from the Atlantic Ocean to China. It exists in numerous spots 


* CR. Soc, e)U, xxi. 1878, p. 5. 

^ AihlU. ad Prodromum. Oedipotiiarum, 1888, p. 12. 

® See Rodtenbaoher, Vber JVatulerhcuschrcckcny in Jahrt^hcr, limischtdc Buduxisy 1893. 
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in the Oriental i-egioii and the Asiatic Archipelago, and even in 
New Zealand. It is the conmioiier of the locusts of Europe. Its 
congener, P, rnigratoriuSy is much less widely distributed, its 



Fio. 177 .—Kuroiiean inigi'atory locust, 
Pachytiflm cinerasvens 9. 


migrations lieing, according to 
de Saussure, limited to Turke¬ 
stan and Eastern Euroj)e. A 
third spetdes, P, viif/ratori- 
aides, inhabits Eastern Africa, 
and a variety of it is the 
“ Yolala ” or locust of Mada- 
ga.sc*ar. Mr. Distant has in¬ 
formed the writer that this 
migratory locust is found in 


South Africa. P. {Oedaleus) 


viarmoratus lias almost as wide a distribution in the Eastern 


hemisphere as P. cinerascens, except that it is more exclusively 
tropical; it is thus excluded from New Zealand. P. {Oedaleus) 
nigrofasciatus has a more northern distribution than its congener, 
but has extended to Africa and the Asiatic Archipelago. This 
Insect is so variable that the distinctions of its races from other 


sj^'ies of the same genus are not yet cdear. All the aliove- 
mentioned kxuists belong to the trilie Oedijiodides. Acridium pere- 
grinum, now more frequently called Schistocerca peregrina, belongs 
to the trilie Acridiides. It is a large Icxuist (Fig. 84), and has 
a wide distribution. It is tlie chief 8])ecies in North Africa, and is 
probably the locust of the plagues of Egyjit mentioned in the 
lx)ok of Ex(jdus. It is also, lU'cording to Cotes,' the chief hxiust 
of North-West India. In this latter country Pachytgius ciner- 
ascens and some other sjiecies also occur. With the exception of 
S. peregrina, the spei^ies of the genus Hehistocerca are confined to 
the New World. In North America locusts are more usually 
called gra8shopi)ers. Several species of the genus Caloptenns are 
injurious in that country, but the chief migratory species is C, 
spretus (Fig. 175). This genus belongs to Acridiides. A hirge 
locust, Schistocerca americana, is also migratory to a small extent 
in the United States. In South America other species of Schis¬ 
tocerca are migratory; it is not known how many there may be, and 
it is possible that one or more may prove to be the S. peregrina 
of the Old World. A Chilian species, according to Mr. E. C. Heed,* 


' J, Bombay iV. Soc, viii. 1893, p. 120. * /*. ent, Soe, Lotidon, 1893, p. xzi. 
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exhibits distinctions of colour similar to those that have been 
observed in aSI 'peregrimi iii Algeria. 

In Britain we are now exempt from the ravages of locusts, though 
swarms are said to have visited England in 1693 and 1748. 


Individuals of the migratory species are, how¬ 
ever, still occfisionally met with in England 
and the south of Scotland. P. cinernsvens has 
l)een recorded from Kerry in Ireland, but 
erroneously, the Insect found Ixung Mnos- 
tethas grossMs (Fig. 173). According to Miss 
Ormerod,^ large Iwusts are imported to this 
country in fodder in considerable numl)ei's, 
but are usually dead; living individuals are, 
however, sometimes found among the others. 
In 1869 living sj^ecimens of Schistocfrea 
jieregrina were found in various parts of the 
country, having, in all probability, arrived 
here by crossing the (lerman Ocean. Paehy- 
tylus cinerttscens has also, it is Ixdievetl, 
oc’ciirred liere, the si)ecimens tluit have Ixjen 
recorded at different times under the name of 
P, migrator ins Ijeing more probably the former 
species. 

Although tlie majority of the very large 
numlx^r of species included in Acridiidae are 
recognised with ease from their family like¬ 
ness as Ixdonging to the group, yet there are 
others that present an unusual aspect. This 
is specially the cuise with the memlx'rs of the 
small trilies Tettigides, Prosc'opides, and 
rneumorides, and with some of the apterous 
forms of tlie OedijKxlides. The trilxj Pros- 
copides (Fig. 178, Cq)halococma limata^ 
female) includes some of the most curious of 
the Acridiidae. Breitenbach gives ^ a brief 
account of the habits of certain species which 
he met with near Porto Alegre in South 
America. On a stony hill there was some 



Flo. 178..— Cephalocoema 
HnjeatOy female, x f. 
S. America. (After 
Bruuuer.) 


grass which, by several months’ exposure to the suns rays, had 


* Rep. injurious Insects^ xvii. 1898, p. 47. * Ent. Naehrichf. viii. 1882, p. 160. 
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become withered and brown. Apparently no live thing was to 
seen on this hillock except the nbi(]^iiitous ants, l)ut after a while 
he noticed some “ lightning-like ” movements, whicli he found were 
due to specimens of Proscopia. The Insects exactly rescunble the 
withered vegetation amongst which they sit, and when alarmed 
se^ek safety with a lengthy and most rapitl leaj). When attention 
was thus directed to them he found the Insects were really 
abundant, and w^as often able to secure fifty sj)ecimens on a single 
afternoon. These Insects Imir a great general restunblance to the 
Phasmicles, but there is no evidence at pr(‘sent to show that the 
two kinds of Insects live in company, as is tlie case with so many 
of the Insects that resemble one another in a])pearance. Althougli 
the linear form and tlie elongation of the ImhIv an^ common to the 
stick-insects and the Proscopides, yet this structure is due to the 
growth of different parts in the two families. In tlie Phasniidae 
the prothorax is small, the mesotlnnax (dongate, while in the 
Proscopides the reverse is the case. The elongation of the head 
is very curious in thesti Insects; the mouth is not thus brought 
any nearer to the front, but is placed on the under sidi* of the 
luiiid, (piite close to the thorax. Tlie tribe. Tryxalides (‘ontains 
Insects (Fig. 1 Go) that apiiroach the Proscopides in the form of 
the head and other charact(uu In most cases tlu^ sexes of the 
Proscopides differ from one another so strongly that it is difficult 
to recognise them as being of the siime species. Usually both 
sexes are i*ntirely ajiterous, but the ('hiliau genus Astroma 
exhibits a nuiiarkable exception and an almost unique condition 
of the alar organs, the iiiesoiiotum being in each sex entirtdy 
destituttj of such appendages, while the femali*. has on the lueta- 
notuiu rudiments of wings which are absent in the male. 


The tribe Tettigides is a very extensive group of small 

Acridiidae, in which the 
jironotum extends liack- 
wards as a hood and 
covers the bo<ly, the 
tegmina and wings 
lieing more or less nicKJi- 
fied. In our British 
species (Fig. 179) this 
condition does not greatly m(xlify the appearance of the Insect, 
but in many exotic species (Fig. 180) the hood assumes remark- 



Fia. 179. —Tettlx bipunctatua, Britain. A, The Insect 
magnified ; B, part of the middle of the body ; a, 
prolongation of pronotum ; legmen ; c, wing. 
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able developineiits, so that the Insects have no longer the api)ear- 
aiice of Orthoptera. It would l)e impossible, without the aid of 
many figures, to give an idea of the 
variety of forms assumed by this 
prothoracic expansion. It is a repe¬ 
tition of wliat oc'curs in the Order 
Hemiptera, where the prothoracic 
lioods of the Membracides exhibit a 
similar, though even more extra¬ 
ordinary, series of monstrous forms. 

So great is the general similarity 
of the two groups that when the 
g(‘nus Xenqjhyllum (Fig. 180, A) 
was for the first time d(‘scril»ed, it 
was treated by the descrilxT as 
])eing a bug instead of a grass¬ 
hopper. This genus includes several 
s])ecies from Africa. The curious 
Cliidonotva (Fig. 180,1») is a native 
of Ceylon, wlu*re it is sjiid to live in 
fashion of our indigenous s|H^cies of 



Fh;. 180.—Tettigiiles: A, Xrrnph^fUurn 
,s'/wi»7e Fairm. ; B, Chuhniotus hum- 
bertutjiHS, (After Bolivar.) 


sandy 

Tettix 


meadows, after the 
(Fifi:. 179). Very 
little is known as to the habits of these curious Tettigides, but 
it has Ihvii ascertained that some of the genus Sn'limenn are 
amphibious, and do not hesitate to entiT the water and swim 
about there ; indeed it is Siiid that they prefer plants growing 

under water as food. 
This habit has kvii 
observed bfith in Ceylon 
and tlie Himalayas. The 
sjRH^-ies are Siiid to have 
the hind l(*gs provided 
with dilated foliaceous 
apj)endages useful for 
swimming. 

The tril)e ibustacides 
includes thirtv or fortv 
species of A(‘ridiidae 
with short 
and vertical 



Fl(J. 181.—A, ^fasfax {Kruinthms) gutiatus^ male. 
Sumatra. (After Westwood.) B) protile; C, front 
of bead. 


181, Jl/ros/nx’ yvifafus); they are appai*ently all rare 


antennae 
head (Fig. 
and little 
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known, but are widely distributed in the tropics of the Old and 
New Worlds. Nothing whatever seems to be known of their 
habits or of their development. 

The tribe Pneumorides includes a still smaller number of species 
of very aberrant and remarkable grasshoppers, of large size, with 
short antennae, and with the pronotum prolonged and hood-like; 
they are peculiar to South Africa. Although amongst the most 

remarkable of Insects, we are 
not able to give any infor¬ 
mation as to their habits. 
It would appear from the form 
of their legs that they have 
but little power of hopping. 
The species of which we figure 
the female (Fig. 182) is very 
remarkable from the difference 
in colour of the sexes. The 
female is so extravagantly col¬ 
oured that shtj has Iwii said 
to look as if “got up” for a 
fancy-dress ball. She is of a 
gay green, with pt:»arly white 
marks, each of which is sur¬ 
rounded by an edging of ma¬ 
genta; the white marks are 
very numerous, esin^cially on 
the ])arts of the l)ody not 
shown in our figure; the face 
has magenta i)atches and a 
large numlK^r of tiny j)early- 
white tubercles, each of which, when placed on a green part, is 
surrounded by a little ring of mauve colour. Though the female 
is certainly one of the most remarkably coloured of Insects, her 
consort is of a modest, almost unadorned green colour, and is con¬ 
siderably different in form. He is, however, provided with a 
musical apparatus, which it is possible may l>e a means of pleas¬ 
ing his gorgeous but dumb si>ouse. It consists of a series of 
ridges placed on each side of the inflated abdomen, whicjh, as we 
have previously (p. 200) remarked, has every appearance of Ijeing 
inflated with the result of improving its resonance. 



Fia. 182 .—PneMmimi scuf.eliaris, I'eiiiale. 
South Africa. 
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The Pyrgoiuorphides ^ is a small tril>e of about 120 described 
species, two of which are found in the south of Europe (Fig. 183, 
Pyrgomorpha grylloides). The tribe 
includes a number of large and curious 
Insects, among them the species of 
Phymateus and Petdsia, with peculiar 
excrescences on the pronotum and 
vivid colours on some parts of the 
body or its appendages, which are 
apparently common Insects in South 
Africa. 

The tribe Tryxalides includes a 
great many species of grasshoppers. 

In them the front of the head joins 
the upper part at an acute angle 
(Figs. 165 and 173). This tril)e and the Acridiides are the 
most numerous in sjiecies of the family. To the latter l)elong 
most of the migratory locusts of the New World (Fig. 175, 
Caloj)tenu8 spretm), A Spanish si)ecies of this tril)e, Eupre- 
ptociuvus ploranSy though ])rovided with well-developed wings, 
possesses the remarkal)le habit of seeking slielter by jumping 
into the water and attaching itself below the surface to the 
stems of plants. 

The trilx? Pamphagides^ includes some 200 species, found 
chiefly in Africa and the arid regions near the Mediterranean 
Sea. They are mostly apterous forms, and this circumstance has, 



Fio. 184 .—Xiphocem {Ifoplolopha) asina, S. Africa. (After de Saussure.) 


according to de Saussure, exercised a marked influence on the 
geographical distribution of the species. Although the tril)e 
consists chiefly of apterous forms, several species possess well- 

^ Monograph by Bolivar, Ann^ Soc. Esp» xiii. 1884, p. 1, etc. 

* Monograph, de Saussure, Spieilegia ento^nologica Oenuvensut, pt. 2, Geneva, 1887. 
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developed wings; sometimes this is the case of the male but 
not of tlie female. Some of the species are highly modified for 
a desert life, and exhibit a great variation in the colour of the 
individuals in conformity with the tint of the soil they inhabit, 
Xiphocera asina (Fig. 184) is thought by rcringuey to he the 
prey of the extraordinary South Africiin tiger-Ijeeties of the 
genus Mtmticora. 

We have already mentioned the tribe Oedipodides ^ as including 
most of the si>ecies of migratory locust.s of tlie Old World. Some 
striking cases of variation in colour ^H^c*ur amongst the winged 
Oe(lip(Klide.s. In certain sj)ecies tlie liind wings may lie either 
blue or ro.saceous in colour; it is thought that the latter is the 
tint natural in the species, and that it is due to the mixture of 
a red pigment with the pale blue colour of the wing; hence the 
blue-coloured wings are analogous to cases of allunism. But the 
most remarkable fact is that this colour (linerenc(^ is correlative 
with locality. Ihninner von Wattenwyl says‘^ that the blue 
variety of Oe, vfiriahilis occurs only in a few hx*alities in Eurojie— 
he mentions Vienna and Sarepta,—and that where it ocjcurs not 
a single red example can 1 h', met with. Similar phenomena (x*cur 
in other species in Ixith Kuroim and North America, and L. Bruner 
has suggested^ that the phenomena in the latter country are 
correlative with climatic conditions. 

The group Eremobiens, a sulxlivi.sion of Oedipodides, includes 
some of the most interesting forms of Acridiidae. Its memliers 
have several modes of stridulation. CvruUigera jlexttosa and 
other of the winged forms, according to Baiitel,^ produce sounds 
by the friction of the middle tibia against the wing, both of thest^ 
parts being specially modified for the purjiose in the male sex. 
The most jxculiar memlxjrs of the Eremoluens are some very 
large Insects, iiuxlified to an extraordinary extent for a sedentary 
life in deserts and arid places. Trimen says^ that a Soutli 
AfricJiii s])ecies, Trmhypetra hufo, whicdi lives amongst stones, is 
80 coloured that he had much difficulty in detecting it, and that 
he noticed in certain sjKjts, often only a few square yards in 
extent, where the stones lying on the ground were darker, lighter, 

' Monograph, de Saussurc, Mem, Soc, Phyn. OetUvc, xxviii. 1884, No. 9; and 
XXX. 1888, No. 1. 

® Enr, Orthopf,, 1882, p. 160. * xxi. p. 133. 

^ An, Soc. Espan. xv. 1886, p. 273. ® Nature^ iv. 1871, p. 333. 
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or more mottled than usual, that the individuals of the grass¬ 
hopper were of a similar colour to the stones. The Insect 
referred to by Trimen is, we believe, the Batrachotettix whiti of de 



Fiu. 185 .—Methone amiersaonit female. S. AlVica. a, Front of lieatl; 6, ]>osterior leg ; 
c, df front and hind feet, {c and d magnified, the otliers natural size.) 

Saussure. In this species the alar organs are comxdetely absent, 
and the pronotum forms a sort of hood that protects tlie l>ase of 
the hind body. Some of the desert Ei'emobiens vary so much 
that the differences found among individuals of the same sj)ecies 
VOL. V X 
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are said by Brunner and de Saussure to be so great as to affect 
even the generic characters, and give rise to the idea of an 
“ uncompleted species-formation.” 

Methane anderssoni, an inhabitant of the Karoo Desert of South 
Africa, is one of the largest of the Acridiidae. A female of this 
species is represented of the natural size in Fig. 185. This 
Insect is remarkable on account of the complex organs for pro¬ 
ducing sound, and for the great modification of the posterior legs 
(Fig. 185, &), which do not possess locomotive functions, but serve 

as a portion of the sound- 
producing apparatus, and as 
organs for protecting the sides 
of the l)ody. This Insect is 
Siiid to very efficient in 
making a noise. The stjxes 
differ consideralidy in their 
sound - producing organs, a 
I)ortiou of which are present 
in the female as well as in 
the male (Fig. 18G). Con¬ 
nected with the first abdominal 
segment, but extending bac*,k- 
f j 'c? ^ warils on the second, there is 

T)eculiar swelling bearing 

hind leg ot Methane anderssoni (J; a, femur; ^ ^ ^ 

6 , an inferior fold; c, rattling-plate ; d, two or three strongly raised 

striated ^rface;,, the adjoining wulpture; chitinous folds (Fig. 18C. c). 
/, grooved portion of tegnien. Tli« part e , ^ y 

is really, like <f, a portion of the second When the leg is rotated these 

abdominal segment, not of the third, as n , . nfruolc hv srinu. 

might be supposeti from the figure, Struck by Some peg¬ 

like projections situate on the 
inner face of the base of the femur, and a considerable noise is 
thus produced. The pegs cannot l>e seen in our figure. This 
apparatus is equally well developed in female and male. On the 
second abdominal segment, immediately l)ehind the creaking folds 
we have descrilied, there is a prominent area, densely and finely 
striated (Fig. 186, d): this is rubbed by some fine asperities on 
the inner part of the femur near its base. Sound is produced by 
this friction on the striated surface, the sculpture of which is 
abruptly contrasted with that of the contiguous parts: these struc¬ 
tures seem to be somewhat tetter developed in the male than they 
are in the female, and to be phonetic, at any rate in the former sex. 
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The male has the rudimentary tegmina (Fig. 18G,/) much longer 
than they are in the female (Fig. 185), and their prolonged part 
is deeply grooved, so as to give rise to strong ridges, over which 
plays the edge of the denticulate and serrate femur. There is 
nothing to correspond to tliis in the female, and friction over the 
surfiice of this part of the male produces a different and louder 
sound. There can be little doubt that this is a phonetic structure 
peculiar to the male. It approximates in situation to the sound- 
producing apparatus of the males of the Stenol)othri and other 
Acridiidae. Methone anderssoni has large tympanal organs: the 
small tegmina cover them uj) completely. In the female the tips 
of the tegmina seem to Ije adapted for forming covering-flaps 
for the tympana. In lM)th sexes there is a sfic (Fig. 186, h) 
adjoining the structures we have mentioned, but which is not 
directly jilionetic, though it may l>e an adjunct of the apparatus. 

There is no other Ortliopteron in wliich the phonetic organs 
are so com})lex as they are in the male of Methoiie anderssoiii^ 
and it would appear ])robable that this Insect possesses the 
power of producing two, if not more, distinct sounds, one in 
common with the female, and j)eculiar to this and one or two 
other species; the other somewhat similar to that of other Acri- 
diids, and more specially develo]jed in the male, if not absolutely 
confined to it. 

This Insect is of a very sedentary disposition, and when 
disturlHHl apparently seeks stifety rather by the noise it can make 
than by flight. Its powers of hxjomotion indeed are very feeble. 
The alar organs are (piite rudimentary, and of no assistance what¬ 
ever for movement. The hind legs seem to l>e almost equally 
useless for this purpose; they are brotider than they are in other 
Acridiidae, and have different functions. Wlien Methone moves 
it does so by means of the anterior four legs, on which it walks 
propi)ed up as if on stilts. When at rest the hind legs are pressed 
close to the body, and the tibiae are inflexed and not seen, the 
creature in this position greatly resembling a clod of earth. We 
know nothing of the life history of this Insect, except that the 
young resemble the adult in appearance, and are j^rovided with 
the sound-producing apparatus, or some portion thereof. 

The geographicfil distribution of the Eremobiens corresponds 
with that of the Pamphagides, wdth two important diflerences, 
viz. that in the Old World the former group occupies a somewhat 
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more restricted area, and that it is represented in the New World 
by two peculiar North American genera, Haldmanella and Brachy- 
stola, B, magna is an Insect nearly equal in size to Methane 
anderssoni. Its peculiar form and movements liave procured for it 
in Texas and Colorado the popular names of “ buffalo hopper'' 
and “ lubber grasshopper.” This Insect lias not—like Methane — 
the colours of the desert Siinds; it is of a green tint, with com¬ 
paratively smooth body, and during the day rests concealed 
under tufts of grass. It has apparently no sound organs, though 
de Saussure thinks there are structures present that are vestiges 
or rudiments thereof. 

The family Acridiidae includes a large part of the species that 
make up our meagre list of British OrtliopUua. IiuUhhI, the 
only native Orthoptera at the present time suiUciently common 
to attract general attention are, in addition to tlie earwig, tlie 
species of the genera StenahatltruH and (Jomjfhacerus, whose 
musical instruments we have described previously. We have 
eight species of these Insects. Tliey are the little grasshoppm-s, 
so common in our fields and gardens, the hunting of which is 
a source of much amusement to children. The Insect goes off 
with a sudden and long hop Just as it is going to be seized, and 
this is appreciated by the child as very clevin*. The hunt, as a 
rule, does not result in imudi damage to tlu* grasslioppers, the 
ingenious escape being the greater part of the pleasure. These 
Stenabathri are remarkable for their variation in colour, and it 
is thought by some that they frequent spots wliere they find 
themselves a match with their surroundings. There is, how¬ 
ever, little or no information of importance on this point extant. 
Mecostethus grassus (Fig. 173), though larger, is very like the 
common fi(dd grasshoppers, but apj^ears to have become rare 
since the fens were drained. The two curious little graashopj)er8 
of the genus Tettix (Fig. 179) are not uncommon. In addition 
to these Acridiidae, three sjjecies of migratory locusts are occa¬ 
sionally met with in Britain, viz. Pachytyhis cinerascens (‘Fig. 
177), P- migratarmSy and Schistocerca j)eregrina (Fig. 84); this 
latter we have already alluded to as being probably the locust 
mentioned in the book of Exodus. 

Acridiidae have never tjeen found in amber, owing possibly to 
their large size and strength. There are but few fossil forms known, 
and these do not extend farther back in time than the Mesozoic 
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epoch. Several forms, including three peculiar genera, have 
been found in the Tertiary strata at Florissant. The remains 
from the Mesozoic layers are apparently very fragmentary and 
obscure. 

Brongniart has instituted a family of Insects under the name 
Palaeacrididae ^ for some fossil Insects from the Carboniferous 
strata at Commentry. He considers that these Insects were 
abundant in the ep(x;h of the Carboniferous strata. 

The very large numl)er of genera and sj>eeies of Acridiidae 
have Ijeen recently arranged in nine tribes by Brunner von 
Wattenwyl:— 

1. Feet without a claw-pad.- [Prouotum covering all the body.] Tegmina 
lobe-like. Tribe 1. Tettigides. (Figs. 179, 180, Tettix, Xerophylluniy 
Cladonotua.) 

1'. Feet with a claw-pad. 

2. Antennae sliorter than the anterior femora. 

3. Head .sliort, as if compressed from in front. 

4. Body bladder-like, infl«ated.^ [Pronotum covering half the 
abdomen.] South African species. Tribe 2. Pneumorides. 
(Fig. 182, Pn e tinwra scntellaris. ) 

A\ Body ordinary. Tribe 3. Mastacides. (Fig. \ SI^ Mastax 
guitattis.) 

3'. Head very elongate. [Body apterous or sulvapterous.] Tribe 
4. Proscopiides. (Fig. 178, Cephalocoeina lineata,) 

2 '. Antennae longer than the anterior femora. 

3. Prostemum unarmed. 

4. The plane of the vertex of the head meeting the plane of 
the front of the heiid as an angle. The former j^roiluced or 
declivous. The face looking down. Tribe 5. Tkyxalides. 
(Fig. 165, Ti'tjxalis nmuta ; Fig. 173, Mecostethiis grosstis,) 

4'. Planes of the vertex and front of the head connected in 
a rounded manner. Face looking forwards. Tribe 6. 
OKDiroDiDEs. (Fig. 177, Pachytyhis; Fig. 185, MctJwne,) 
Prosternum with an elevated lamina in front, either irregularly 
swollen or mucronate. 

4. Foveoles of the vertex superior, contiguous, forming the 
apex of the vertex. Face looking much downwanls. 
Tribe 7. Pyrgomorphides. (Fig. 183, Pyrgoino^pha 
gi'ijlloith's.) 

4\ Foveoles of the vertex, either superior (l>ut not forming the 
apex of the vertex), or lateral, or inferior, or quite obsolete. 

^ Bull, Soc. RounXf 1885, and Insecttsfossiles, etc. 1894, p. 439. 

* A few species of Proscopiides and Oedipodides, though placed in the next 
division, are destitute of any claw-pad. 

® This applies specially to the males.—D. S. 
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5. Foveoles superior, open behind. Prostemuni irregularly 
swollen, rarely mucronate. Tribe 8 . Pamphaqides. 
(Fig. 184, Xiphocera asina) 

5'. Foveoles lateral or inferior, closed behind or (usually) 
entirely obsolete. Prosternum distinctly mucronate or 
tuberculate. Tribe 9. Acriditdes. (Fig. 84, Acridium 
peregrinum; Fig. 176, Caloptmus spretus,) 



CHAPTER XIII 


ORTHOrrEKA CONTINUED -LOCUSTIDAE, GREEN 

GRASSHOPPERS, KATYDIDS 

Fam. VII Locustidae—Green Grasshoppers. 

Orthoi^trra, urith very lony ddiraie antennae composed of many more 
than thirty joints; hind legs longer than the others, thicker 
at the base. Tarsi loith fovr joints. Front tibiae usually 
provided loith tympanal organs jilojced below the knee ; stridu- 
lating apparatus of males, when present, situate on the basal 
part of the tegmina. Females uswdhj with an elongate ex- 
serted ovipositor, formed by the apposition of six pieces. 
Wingless forms numerous. 



Fio. 187.— CyrtophyU\i8 crepitans, male. West Indies. 


An unfortunate confusion has long existed as to the term 
Locustidae, and has resulted in the application of the name to a 
group of Insects that contains none of the locusts of ordinary 
language. Some entomologists therefore use the term Phasgonu- 
ridea for this family, but the great majority prefer the term 
Locustidae. 

The Ixicustidae are, as a rule, more fragile Insects than the 
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Acridiidaj, from which they can l)e readily distinguished by the 
characters we have mentioned in our definition. According to 
Dufour, there are no air vesicles connected with the tracheal 
system in this family; possibly to this it may be due that none 
of the family undertake the long flights and migratory wanderings 
that have made some of the Acridiidae so notorious. Very little 
is known as to the life histories of the members of this extensive 
family of Orthoptera. Gral)er, however, has given some particulars 
as to the development of Platycleis griseay and of one or two other 



Fig. 188 . — Development of wings in Platycleis grisea: A, B, C, D, E, consecutive 
stages; j?, prothorax; 7/1, iiiesothorax ; inly iiietatliorax ; ty tegmen; wing; 
ah\ position of first abdominal segment. In C, D, and E, 7n points to the part by 
which tlie m, shown in A and B, is concealed ; in D and E only the positions of 7n6 
are indicated. (After Graber.) 

species. He recognises five instars, but his first is probably 
really the second, as he did not observe the Insect in its youngest 
conditioiL Although his figures are very poor, we reproduce 
them, as they give some idea of the mode of growth of the wings, 
and of the correlative changes in the thoracic segments. It 
will be seen that in the first three of these instars the alar orgajtis 
appear merely as prolongations of the sides of the posterior two 
thoracic rings, and that in D a great change has occurred in the 
position of these segments, so that the alar organs are free 
processes, the two posterior thoracic rings being insignificant in 
size in comparison with the now greatly developed prothorax. 
In E the tegmen is shown fully developed, the positions of some 
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of the rings covered by it ijeing indicated by the letters m, mt, 
ab\ These changes are very similar to those we have descril>ed 
in Acridiidae, the chief difference Ix^ing the greater development 
of the dependent wing-pads previous to the fourth instar. 

The ocelli in Locustidae are mucli more imperfect than tliey 
are in Acridiidae, and are frequently rudimentary or nearly totally 
absent, or there may be but one in¬ 
stead of three. Tliey are, however, 
present in a fairly well-developed state 
in some sjiecies, and this is the cjise 
with the one whose face we jicrtray 
in Fig. 189, where the anterior of the 
three ocelli is (piite conspicuous, tlie 
other two lieing jilaced one on each 
side of the curious frontal cone near 
its base. The peculiar head ornament 
shown in tliis figure exists in both 
sexes, and something similar oc*curs in 
a large number of ('on(K*ephalides. We 
have not the slightest idea of its im¬ 
port. Individuals of one or more 
species of this curious South American 
genus are (XJcasionally met with alive 
in gardens near London. They are, no 
doubt, imported as egg.s, for they are 
sometimes met witli in the juvenile 
state, but in what way they are intro¬ 
duced is not known. 

The ovipositor frequently attains a 
great length in these Insects, so as to exceed that of the body. It is 
used in different ways, some of the family depositing their eggs in 
tlie earth, perliaps in vegetable matter under the surfixce ; but other 
species place the ova in twigs or stems of plants, arranging them 
in a very neat and compact manner in two stu'ies, as depicted by 
Eiley^ in the case of 3Iicrocentruvi retincrve (Fig. 190). Tliese 
eggs are laid in the autumn, and in the following spring iK^come 
more sw’ollen liefore hatching. The Insect undergoes a moult 
during the process of emerging from the egg. By the time the 
emergence is completed the Microcentrum has expanded so much 
^ Ann, Rep. Insects Missouri^ vi. 1874, p. 155. 



Fio. 189. — Front of lioad of 
Copiophom coniuOit female. 
Demerara. 
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ill size that it is a matter of astonishment how it can ever have 
been packed in the egg; the young commence jumping and 
eating leaves in a few minutes. Including 
the ecdysis made on leaving the egg, they 
cast their skins five times. The post-embryonic 
development occupies a period of about ten 
weeks. Tlie larvae eat their cast skins. When 
the final moult (Kcurs the tegmina and wings 
are at first quite soft and colourless, but 
within an hour they assume their green colour. 
These Insects, as remarked by Eiley, make in¬ 
teresting pets. The people of the Amazon valley 
are in the habit of keeping a si^ecies in cages, 
and our British Loeusta viridmima does very 
well in confinement. One of the most curious 
habits of these I^icustidae is a constant lick¬ 
ing of the front paws. Eiley says that AL 
retinerve l)estows as much attention on its 
long graceful anteniue as many a maiden does 
upon her abundant tresses, tlie antenme being 
drawn between the jaws and smoothed by the 
palpi. This American naturalist also tells us 
that he reared three successive broods in con¬ 
finement, and that the Insects gradually 
deteriorated, so that the eggs of the third 
generation failed to hatch. 

The ovipositor, which is one of the most characteristic features 
of the Locustidae, is not ju'esent in the newly-hatched Locustid 
(Fig. 191, A), the organ being then represented only by two 
papillae placed on the penultimate segment. The structure and 
development of the ovipositor in Loeusta viridissima have been 
described by Dewitz.' Fig. 191, A, shows the young Insect taken 
from the egg just as it is about to emerge. The abdomen consists 
of ten segments, the terminal one bearing at its extremity two 
processes, the cerci, a'. These persist throughout the life of the 
Insect, and take no part in the formation of the ovipositor. The 
tenth segment subsequently divides into two (a, a'^, Fig. 191, C), 
giving rise to the appearance of eleven abdominal segments, 
and of the ovipositor springing from the antepenultimate. Near 
^ Zeiiftchr, wiss. Zool, xxv. 1876, pp. 174-200, i)l. xii. 



A B 

Fia. 190. — Eggs of 
Katydid {Microcen¬ 
trum retinerve ); A, 
the two series at 
deposition ; B, side 
view of a single 
series. (After Riley.) 
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to one another, on the middle of the ventral aspect of the true 


ninth abdominal segment, are 
seen the two papillae (^'), which 
at first are tlie only visible indi¬ 
cations of the future ovipositor. 
If, however, the integument Ije 
taken off and carefully examined, 
it will be found that there exist 
on the eighth abdominal plate 
two spots, where there is a slight 
thickening and prominence of 
the integument (Fig. 191, B, r). 
From these two sx)ois the two 
lower rods of the oviposit(»r are 
lu’oduced; these two, together 
with the two growths from the 
ninth segment, form the four ex¬ 
ternal rods of the ovipositor. 
Inside thesti there exist in tlie 



IjOcitsta viridissima: «, terminal seg¬ 
ment ; </', cerci; a", secondary division 
of terminal segment; 6, penultimate 
(ninth) segment; b\ primary papillae 
of this segment; 6", secondary divi¬ 
sions thereof; c, eighth segment; c\ 
its papillae. (After Dewitz.) A, 
embryo ready for emergence; B, 
portion of integument of the ventral 
]>lates of eighth and ninth segments ; 
C, the appendages in a condition 
somewhat more advanced than they 
are in A. 


completed structure two other rods (Fig. 192, B, 6''). These are 
l)roduced by a growth from the inner parts of the two papillae 
of the nintli segment. The relations of the six rods in their 
early condition are sliown in Fig. 191, C, where the two primary 
papillae of the nintli segment are seen with their secondary 




Flo. 192.—Structure of 
ovij>ositor of Lonista 
vii'idisshna : A, ar¬ 
rangement of parts at 
base, c' being separated 
and turned outwards ; 
B, transverse section. 
Tlie parts of the ap¬ 
pendage bear the same 
lettering as in Fig. 191. 
(After Dewitz.) 


offshoots c' being the papillae of the eighth segment. The 
subsequent relations of the pieces are shown in Fig. 192; A 
exhibiting the base of the organ with the lower rods turned 
on one side to show the others, the shaded parts indicating 
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muscular attachments ; B is a transverse section of the organ. In 
these figures the different parts of the appendages bear the same 
lettering as they do in Fig. 191. It will be seen that in the com¬ 
pleted structures the parts c' have l)ecome very intimately con¬ 
nected with the parts &' and J", which belong to another segment. 

The Ix)custidae resemble the Acridiidae in the possession of 
specialised ears and sound-producing organs; neitlier of these is, 
however, situate in the same i)art of the lK)dy as in Acridiidae. 

The ears of Locustidae are 
placed oil tlie front legs, below 
the knee; a tympanum (Fig. 
193, A), or a crack giving en¬ 
trance to a cavity in whicli the 
tympanum is placed (Fig. 193, 
B), l)eing seen on each side of 
each of the*, anterior pair of 
limbs. In this family, as in 
the Acridiidae, three kinds of 
ear are recognised according to 
tlie condition of the tynipinum, 
which is either exposed (Fig. 
193, A) or closed by an over¬ 
adult ; p, prominence of integument ; r, growth of the integument (Fig. 
rim of ear; T, tympanum ; 6, tliicktmed . ... ^ ^ 

193, B), or in a condition to a 
certain extent different from 



A B 

Fio. 193.—Ears of Locustidae ; A, portion 
of front leg of Odontum serricaiida. 


area thereof; Fuj remains of groove in 
which the structure was developed. B, 
portion of front leg of Thamnofriznn 
aptervs ; i. inner margin ; a, slit - like either of theSC. 


The existence of 

external aperture of ear; rf.', overlapping j | j j j. 

coveft of the ear. (Alter Graber.) ^ ^ 

ous fact, but it is b(jyoiid doubt 
in the Locustidae, and there is good reason for believing that analo¬ 
gous organs exist in this situation in other Insects that have special 
means of sound-production, such as the ants and the Termites. 

The structure of these organs in the Locustidae has been 
investigated by Graber,^ and their acoustic functions placed 
beyond doubt, thougli to what special kind of sounds they iii^iy 
be sensitive is not ascertained, this point being surrounded by 
even greater difficulties than those we have discussed in the case 
of the Acridiidae. In the I.,ocu8tidae there is a special structure 
of a remarkable nature in connexion with the ears. In Acridiidae 

^ Arch,/, mikr. Anat. xx. 1882, and xxi. See also von Adelung, Zeitschr, wm. 
Zool. liv. 1892, p. 316. ‘ 
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a stigma is placed close to the ear, and supplies the internal 
structures of the organ with air. There are no stigmata on the 
legs of Insects, consequently admission of air to the acoustic 
apparatus in Locustidae is effected by means of a gaping orifice 
at the back of the prothorax, just over the base of the front leg 
(Fig. 101); this communicates with its fellow of the other side, 
and from them there extend processes along the femora into the 
tibiae, where they undergo dilatation, so as to form vesicular 
cavities, one of which is in proximity to each drum of the ear. 
These leg-trache^ie are not con¬ 
nected with the ordinary tracheal 
system; the prothoracic stigma 
exists in close proximity to the 
acoustic orifice we have described. 
l)ut is much smaller than it. It 
is not yet clear why the acoustic 
apparatus should require a supply 
of air apart from that which could 
1»e afforded by the ordinary tracheal 
system. This special arrangement 
— to wliich there is hardly a 
parallel in Insect anatomy—has 
still to be accounted for; we do 
not know whether the necessity 
for it may be connected with the 
rt^s])iratory system or the acoustic 
organ. 

The chief features of the acous¬ 
tic apparatus of the legs of I^k*us- 
tidae will be gathered from the 
accompanying diagrammatic trans¬ 
verse section through the tibia. In 
this figure the deep black parts 
indicate the outer wall of the 
tibia and its prolongations, the 
white spaces indicate the parts 
filled with air, while the dotted 
portions are occupied by blood or some of the body organs; ^ tlie 

^ The small siiace above Im left free from dots is,we presume,due to an omission on the 
jmrt of Qrabei’a artist, but we have not thought it right to interfere with his diagram. 



Fig. 194.-Diagram of arrangement of parts 
of the ear as seen in transverse section of 
the tibia of a Locustid. A, J, V, H, outer, 
inner, anterior, posterior aspects of leg; 
a,d,thin part of integument forming an¬ 
terior tympanum; 6, c, thicker portion 
of same ; /, posterior tympanum ; 
(ly /, and dy hy gy thick portions of 
integument; iy ky internal protuber¬ 
ances of same ; /, wi, «, walls of the 
anterior tracheal vesicle, vTr: py qy Sy r, 
walls of the posterior tracheal vesicle, 
h Tr\ o"y projection of tympanal orifice 
of prothorax ; fr-w, tracheal nerve- 
end organ, crtJtia acustim; sty roil ; 
dSy curtain• membrane ; Am, e, supra- 
tynipaual, nerve-end organ ; Aw, gang¬ 
lion cells ; s(*y ro<ls ; c, jioint of in- 
tegumental fixation of nerve euiUngs. 
(After Graber.) 
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circular space o*' is not part of the actual structure, but repre¬ 
sents the area of the external acoustic orifice of the prothorax; 
it is not, however, so large as it should be. 

Although the tibial ears of Locustidae are very perfect organs, 
there is great difficulty in deciding on the exact nature of their 
functions. They would appear to V)e admirably adapted to 
determine the precise locality from which a sound pr(X5eeds, 
especially in those cases—and they are the highest forms—in 
which the tympanum is placed in a cavity tlie external orifice 
of which is a slit (l?"ig. 193, B); for the legs can be moved in 
the freest manner in every direction, so jih to bring the drum 
into the most direct line of the vibrations. But as to what 
kinds of vibrations may be jKirceived, and the manner in which 
they may be transmitted to the nerves, there is but little 
evidence. On reference to the diagram it will be noticed that 
the tympanum, the tympanal vesicles, and the nervous apparatus 
are not in close connexion, so that even the mode by which the 
impulses are transmitted is obscure. 

The musical organs of the Locustidae are different from those 
of the Acridiidae, and are invariably situate on the basiil part of 
the tegmina. They are found, in the great majority of cases, only 
in the male; in the tril)es Ephippigerides and (Jallimenides they 
exist in each sex. One of the wings bears a file on its inner sur¬ 
face, while the other—on the right side of the body—is provided 
with a sharp edge placed on a prominent part of its inner margin. 
By slightly tilting the tegmina and vibniting them rapidly, the edge 
passes under the file, and a musical sound is produced. These 
structures are limited to the small anal area of the w ing, and when 
the tegmina are very greatly reduced in size, it is this part that 
still remains. There is much variety in the details of the structure. 
The nervures of this part of the tegmina are different in the 
male from wdiat they are in the female, and, moreover, the two 
wing-covers of the male differ from one another. It is apparently 
the vibrations of the right tegmen that produce the sound, and 
this part usually bears a space of a glassy nature, which probably 
improves the character of the sound produced. Our chief British 
'songster of this group, Locusta viridissima, is only provided with 
phonetic organs (Fig. 195) of a somewhat imperfect character, 
but in the genus Mecopoda there is great perfection of the 
structures. The anal areas of the two tegmina are in this case 
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very different; that of the left one, which bears the file, being 
similar in texture to the rest of the wing-cover, while the corre¬ 
sponding part of the other tegrnen is 
rigid and transparent, and greatly 
distorted, so as to create a cavity 
which, no doubt, improves the sound; 
the scraper too is very perfectly 
formed. The difference between this 
form of musical organ and that of 
L, mridissiiria is curious, inasmuch 
as in the better instrument the im¬ 
portant modifications are confined to 
one tegrnen, while in the other form 
both tegmina are largely changed. 

The difference ajiix^ars to be iliat in 
Locusta the left tegmen, as well as 
the right one, acts as a sounding- 
board, while in Mecopoda it does not 
do so, but when the wings are closed 
quite covers and conceals the musical 
instrument. 

The Locustidae, notwithsUinding 
the fact that their Jilar organs are 
generally more ample than those of the 
Acridiidae, seem to be, as a rule, of more sedentary habits, and more 
nocturnal in their activity. The musical powers of the different 
species are very varied. Locusta viridissima produces a shrill and 
monotonous but not disagreeable, sound, and is capable of sustain¬ 
ing it for a quarter of an hour without any intermission, except 
a break for the sake of starting again immediately with greater 
force, like a jierformer on a flute. It occasionally chirps in the 
day, but the act is then very brief. Bates informs us that one 
of these singing grasshopjiers, called Tanana by the natives 
of the Amazon valley, is much admired for its singing, and 
is kept in little cages. The Amazonian naturalist thought the 
music of this species superior to that of any other Orthopterous 
Insect he had heard. The name of this grasshopper is Thlihoscelus 
camellifolius. It is very similar in appearance to Cyrtophi/Uus 
crepitans, the Insect we have represented in Fig. 187. 

The most notorious of the musical Ixxnistids are the Katydids 



Fio. 195.—Inner face of base of 
tegmina of LocAtsta virUiusima: 
A, the two wing-covers separ¬ 
ated ; B, in natural position with 
inesoiiotum connecting them, 
showing file and edge scraping 
it ; rt, the stridulating tile ; 6, 
the rudimentary file on other 
tegrnen. 
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of North America. There are several species of them—they belong, 
indeed, to more than one genus,—but it seems that sounds some¬ 
what resembling the words Katy-did are perceptible in most of 
their performances. These sounds are frequently repeated with 
slight variations—Katy-did, 0-she-did, Katy-did-she-did. Kiley 
describes the music of the Katydid we represent in Fig. 196 as 
follows: ^ “ The first notes from this Katydid are heard about 
the middle of July, and the species is in full song l)y the first 
of August. The wing-covers are partially opened by a sudden 
jerk, and the notes produced by the gradual closing of the same. 
The song consists of a series of from twenty-five to thirty rasp¬ 
ings, as of a stiff quill drawn across a cojtrse file. There are 
about fiv^e of these raspings or trills per second, all alikc^ and 
with equal intervals, except the last two or three, which, with 



Fig. 196.—Katydid, Microcentmm retinerre. N. Ainerioa. (After Riley.) 


the closing of the wing-covers, run into each other. The whole 
strongly recalls the slow turning of a child’s wooden rattle, ending 
by a sudden jerk of the same; and this prolonged rattling, which 
is peculiar to the male, is invariably and instantly answered by 
a single sharp " chirp ’ or ' tschick ’ from one or more females, 
who produce the sound by a sudden upward jerk of the 
wings.” 

Pertinacity is one of the most curious features of the perform¬ 
ance of musical Locustids. One would stiy they desire to distinguish 
themselves as much as possible. Harris says that Cyrtophyllus 
concavus mounts on the uppermost twigs of trees and there per¬ 
forms its Katy-did-she-did in rivalry with others. He says even 
the female in this species gives forth a feeble noise. Scudder 
says that some of the Katydids sing botli by day and night, but 
their day song differs from that of the night. ** On a summer’s 
day it is curious to observe these little creatures suddenly chang- 
* Ann. Rep. Insects Missmri, vi. 1874, p. 159. 
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ing from the day to the night song at the mere passing of a 
cloud, and returning to the old note when the sky is clear. By 
imitating the two songs in the daytime the grasshoppers can be 
made to respond to either at will; at night they have ])ut one 
note.” 

Although but little is known as to the habits of Locustidae, 
it is ascertained that they are less exclusively herbivorous in 
their food habits than the Acridiidae are; many seem to prefer 
a mixed diet. Locusta viridissima will eat various leaves and 
fruits, besides small quantities of flesh. It has been recorded 
that a specimen in confinement mastered a liumble-l>ee, extracted 
with its mandibles the honey-bag, and ate this dainty, leaving 
the other parts of the bee untouched. Many of the Locustidae 
are believed to be entirely Ciirnivorous. Brunner considers a 
minority to Ui exclusively phytophagous. The species very 
rarely increase to large numliers; this, however, cK*curs some¬ 
times witli Orjdiania denticauda and Barhitistes yersini in 
Europe, and Anahnis ^riirpiirascens in North America. We 
have already mentioned that the eggs of some sj)ecieR are 
deposited in parts of plants, and of others in the earth. The 
British Meeonema varium deposits its eggs in the galls of Cynips 
in the autumn; these eggs do not hatch till the following 
spring. Xiphidium ensiferum has somewhat similar habits in 
North America, the gall selected for the reception of the eggs 
being the scuiles formed by a species of Cecidomyia on the leaves 
of willows. It lias been ascertained that the development of 
the embryo in the last - named si>ecies is commenced in the 
autumn, but is suspended during the winter, being only com¬ 
pleted in the following spring, eight or nine months afttu'wards. 
We owe to AVheeler ^ a memoir on the embryology of this Insect. 

Some of the species have the peculiar haljit t>f dwelling in 
caves. This is especially the case with the memlKUs of the triU'. 
Stenopelmatides (Fig. 197), which frequently possess enormously 
long antennae and legs, and are destitute of alar organs and 
ears. The siK^cies with this habit, though foimd in the most 
widely separated parts of the world, have a great general 
resemblance, so that one would almost suppose the specimens 
found in the caves of Austria, in the Mammoth cave of Ken¬ 
tucky, and in the rock-cavities of New’ Zealand to be one 
^ Wheeler, J. MorphoL viii. 1893. 
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species, although they are now referred hy entomologists to 
different genera. 



Fig. 197 .—Dolichopuda jmlpata, Dalmatia. (After Brumier.) 


The Locustidae display in the greatest possilde perfection 
that resemblance of the tegmina to leaves which we mentioned 
when speaking of the general characters of the Orthoptera. The 
wing-covers are very leaf-like in colour and ap})earance in many 
Locustidae, but it is in the tribe rseiidopli} Hides and in the 8outli 
American genus Pterochroza (Fig. 198) tliat the plienomenon is 
most remarkal)le. The tegmina in the species of this genius 
look exactly like leaves in certain stages of ripcniess or decay. 
In the tegmina of some of the specit*s not only are tlui colours 
of faded leaves exactly rejn’oduced, but spots are priisent like 

thosii on leaves due to 
crypti »ganiic growths, 
rerhaps the most 
remarkable feature 
of these resemblances 
is the one pointed 
out by Brunner 
von Wattenwyl,^ 
viz. that the tracks 

and spots formed on 
Fig. 198.— Leaf-like legmen of Pterochroza ocellata: a, Io it-oc Lxr 

a, «, marks like those made by Insects on leaves. by tllL minillgOt 

Insects in their tissues 

are also represented in the leaf-like wing-covers of tlic Pterochroza ; 
transparent sxiots (a, a, Fig. 198) being present, just as they are 
in many leaves that have l>een attacked by Insects. Brunner was 
so much impressed by these facts that he came to the conclusion 
that they cannot be accounted for on the grounds of mere utility, 
^ Verh. zooL-]^oL Oca, Wien, xzxiii. 1883, p. 248. 
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Fics. 199 »—Myrmecojtha 7ut 
fallaic. 


and proposed the term Hypertely to express the idea that in 
these cases the bounds of the useful are transcended. We 
will mention here another peculiar case 
of resemblance described ]>y Brunner as 
(x;curring in a Lfxjustid. Two specimens 
of a little Bhaneropterid were brought 
from the Soudan l)y the Antinori ex- 
jiedition, and have been described by 
Brunner under the name of Myrmero- 
jjhana fall ax. The Insect is Siiid to 

bear an extraordinary resemblance to 
an ant. The most jieculiar feature in 
the resemblance is shown in Fig. 199, 

A, B. The most cliaracteristic point in 
the external form of an ant is the stalked 
abdomen, this structure being at the 
same time quite foreign to the Orthoptera.. 

In the other parts of the l>ody and in 
the colour generally, the Mynturojyhamt 
rcsemldes an ant, but the abdomen of 
the Ortlioj^teron is not stalked; it has, however, the appearance 
of being so, in consequence of certain parts being of a white 
colour, as shown in our figure. If abstraction be made of the 
white ]>arts, the form of the stalked abdomen of the ant is nicely 
reproduced. The specimens brought from the Soudan were wing- 
L*ss and destitute of ovipositor, and may be immature, but Brunner 
suggests that they may prove to be really mature, the ovipositor, 
tegmiiia, and wings being permanently absent. The existence 
of a long ovipositor would certainly detract greatly from the ant¬ 
like appearaiuje of the Orthopteron. 

It is certain that the plant-like appearance of some of the 
Locustiilao renders them inconspicuous to the human eye in tlie 
situations they frecpient. It is a matter of common observation 
that though the noise of their chirpings may he heard to such an 
extent as to make it certain that many individuals must l>e in the 
immediate neighlx)urhood, yet at the same time it may l>e most 
difficult to detect even a single individual. M. Boutrin noticed 
this phenomenon in the aise of Ephippiyera ruyosicollis, and 
tells us that the human eye can, with a little practice, acipiire 
the art of detecting these concealed creatures. This consists 
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apparently in making nse, not of a general inspection, but of a 
scrutiny of the outlines of the leaves and twigs of a tree. By 
this means, when the eye is accustomed to the task, the Insects 
can be detected with comparative ease; much in the same way, 

M. Boutan says, as a figure, placed 
ill an engraving in such a way as to 
elude the eye, is appreciated with ease 
after the eye has once perceived it. 

Some of the Locustidae are pro¬ 
vided with means of defence of a posi¬ 
tive nature. The Algerian Euyaster 
guyoni ejects two jets of a caustic 
orange-coloured fluid from two pores 
situate ou the sides of the nieso- 
sternum, and covered by the anterior 
coxae. This species is carnivorous as 
well as herbivorous, and produces a 
sound more like humming than stridu- 
lation.^ 

We have previously pointed out 
that some of the Acridiidae resemble 
the stick - Insects rather than the 
members of their own group; and 
similar cases occur amongst the Locus¬ 
tidae. Such a resemblance has, how¬ 
ever, only been found in a few species 
of the tribe Prochilides. We figure 
one of these, Fhasmodes rmiatriformis, 
a native of South-West Australia. 
The very elongate linear form and the 
total absence of alar organs give this 
Pio. — Phasmodes ranatri- Iiisect a Considerable resemblance to 

the stick-insects or apterous Phas- 
inidae. Frochilus australis is allied 
to this curious Locustid, but the alar organs are present in both 
sexes, and the Insect liears a great resemblance to the winged 
Phasmidae. This is due not only to the general form and colour, 
but also to the fact that the tegmina are very narrow, which 

^ Bonnet and Finot, Rev, Sei. NeU, (3) ir. p. 345. The word we have translated 
as humming is ''bniissement.” 
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causes them to look like the coloured slip on the anterior parts 
of the wings of some of the Phasmidae (cf. p. 266). Another 
case of a Locustid with elongate, slender form is found in the 
extraordinary Veringmydla jocosa of South Africa, a member of 
the tribe Sagides. It has minute organs of flight, and repro¬ 
duces, to a considerable extent, the form and appearance of 
Proscopides or of some Tryxalides.* 



Fiq. 201 .—Schizodactyhis vxonstrosus, male. Natural size. East India. 

We follow Brunner in placing among the T^x*ustidae the large 
Insect we represent in Fig. 201. It is remarkable on account of its 
tegmina and wings; these have their extremities much prolonged 
and curled; moreover, the flat interior area and the abruptly de- 
' De Sttussuro, Ann. Soc, ent, France^ 1888, p. 151, pi. v. fig. 1. 
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Hexed exterior are<i make them look more like the wings of 
Grjllidae. This sixjcies lias no ocelli, and is said to he destitute 
of ears. The inflated condition of the anterior and middle tibiae 
suggest that it possesses auditory structures, thougli there appears 
to be no external oi>eniiig for them. This Insect is found in India, 
where it is said to be coniinon on the banks of sandy rivers, 
living there in burrows of the depth of three feet. Very little 
is known, however, as to this curious Insect. It has recently 
been reported ^ as being injurious to tobacco and other crops on 
liigh ground in Durbungha by cutting off their roots. The local 
name for the Insect is hherwa. We should tliink it somewhat 
doubtful whether this refers really to monstrosus. 



Fio. 202 .—Anoatostonm austrcdasiacy male, Australia, 


Ill number of species the T^ustidae are perhaps sc^ircely 
inferior to the Acridiidae, and in variety of form they surpass 
this latter family. Many of the most gigantic forms are apterous, 
and these very often liave a repellaiit aspect. The genus Anosto- 
stoma is remarkable for its large head. Allied to it is Deinacrida 
heteracantha, the “ AVeta-punga ” of the New Zealand natives, an 
Insect formerly alnmdant in the forests north of Auckland, but 
of late years become extremely rare. The heiid and body of 
this Insect may measure more than 2^ inches in length, and 
when the antennae and legs are stretched out the total length 
may lie 14 or 15 inches. Altliough bulky and absolutely wing¬ 
less, yet, as Duller informs iis,^ it climbs with agility, and is 
sometimes found on the topmost branches of lofty trees. When 
disturbed it produces a clicking, accompanied by a slow movement 
^ Indian M'ns. KoteSt ii. 1893, p. 172. ® Zoologist, 1867, p. 489. 
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of its liind legs. A second species, D. thormica^ lives in decayed 
wood, and a third, D, megacephala, is remarkable from the very 
large size of the head and mandibles in the male sex. The fact 
that a clicking noise is produced by the Weta-punga is of some 
interest, for the genus Dcinacrichi is among the Locustidae that 
possess ears, but are s^iid to be destitute of sound-producing organs. 

Amongst the most remarkable of the Locustidae are the two 
species of whicli Brongniart has recently formed the genus 
EninegalodonimA the tribe Eumegalodonidae, which is not included 
in Bruuner^s table of the tribes of Locustidae. The ovipositor 



Fia. 203 .—Etmegalodon Uanchardi, Bonieo. x|. (After Brongniart.) 


is large and sjibre-sliaped; the male is unknown. Tlie genus 
Megalodon is placed by Brunner in the tribe Conocepluilides; it 
also consists of extremely remarkable Insects. 

The Locustidae appear to l)e of slow growth, and the autumns 
of Britain are usually not warm enough for them. Hence we 
have but nine British sjx^cies, and of this number only three or 
four are known to occur north of the Thames. The only one 
that attracts attention is Locusta riridissimay whi(*h in some 
districts of the south of England occurs in considerable numliers, 
and attests its presence by its peculiar music. It is called the 
green grasshopper. 
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The geological record is rather obscure in the matter of 
l-iocustidae. Sciidder considers that a fair number of Tertiary 
forms are known, and wiys that they represent several of the 
existing tribes and genera. One or two have been foiuid in 
Mesozoic rocks. 

Table of the Tribes op Locustidae 

1. Tarsi more or less depressed. 

2. Front tibiae furnislied with auditory cavities. 

3. Antennae less distant from the summit of the occiput than from 
the lahrum ; inserted between the eyes.^ 

4. First two joints of the tarsi laterally smooth. (Posterior tibiae 
furnished on each side with an apicid spine.) Tribe 1. 
Phanekopterides. (Fig. 196, Microcentnim; Fig. 199, 

Myrmecophana, Fig. 101, Poenlimmi affinis,) 

4'. First two joints of the birsi laterally, longitudinally sulcate. 

5. Foramina of the anterior tibiae normally open. (Fig. 
193, A.) 

6. Posterior tibiae furnished on each side with apical spines. 
7. Prosternum unarmed. Tribe 2. Mkconemidks. 

7'. Prostemum bispinose or bituberculate. Tribe 3. 
Mecopodides. 

6'. Posterior tibiae with no apical spines. (Head prognath¬ 
ous.) Tribe 4. Prochilides. (Fig. 200, PhamiHles.) 
Foramina of the anterior tibiae forming a chink, or pro¬ 
tected by a scale. (Fig. 193, B.) 

6. Anterior tibiae with no apical spines. 

7. Malgins of the scrobes of the antennae prominent. 
Trilje 5. Pseudophyllides. (Fig. 187, Cyrtophyllus 
crepitans; Fig. 198, Pterochro’^a ocellatn.) 

7'. Margins of the scrobes of the antennae not prominent. 

8. Posterior tibiae furnished above on each side with 
apical spines, or wdth a single spine lui the side. 

9. Posterior tibiae either furni.shed with apical 
spines on each side, or only on the inner side. 
Trilxj 6. CoNOCEPHALiDEs. (Fig. 189, Copio- 
phora conintn.) 

9'. Posterior tibiae furnished above with an 
apical spine placed only on the outer side. 
Tribe 7. Tympanophorides. 

8'. Posterior tibiae without apical spines. Tribe 8. 
Sag IDES. 

6'. Anterior tibiae furnished with an apical spine on the 
inner side.^ 

^ This diagnoM.*} is an attempt to express in something a[>proaching an exact 
manner the distinction of the flattened from the arched or convex head. 

* Scrobes are the depressions in which the antennae are inserted. 

’ There are unfortunately a few exceptions in the case of this character. 
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7. The first joint of the posterior tarsi destitute of a free 
sole-lobe. Trilje 9. Locustides. 

7'. The firat joint of the posterior tarsi furnished with a 
free sole-lobe. Tribe 10 . Decticides. 

3'. Antennae more distant from the summit of the occiput than from 
the labrum, inserted either beneath the eyes or on their inferior 
border. Tegmina and wings greatly abbreviate, scale-like ; when 
tegmina are present they are furnished in each sex with a 
tym]>anum. 

4. Third joint of the posterior tarsi shorter than the second. Both 
anterior and posterior tibiae furnished on each side with a 
spine. Tribe 11 . Callimenides. 

4'. Third joint of posterior tarsi longer than the second joint. 
Anterior tibiae with no apical spine on the inner side, and 
posterior tibiae with no apical spine on the outer side. 

5. Antennae inserted at the edge of the eyes. Pronotum 
unarmed. Tegmina present in each sex. Anterior tibiae 
furnished on the outer side with an apical spine. Posterior 
tibiae furnished beneath with four apical spines. Tribe 
12. Ephippigkride.s. 

5'. Antennae inserted <listinctly below the eyes. Pronotum 
spinous. P^lytra in the females wanting. Anterior tibiae 
without apical spine on either side. Posterior tibiae 
beneath with two apical spines or wdth none. Tribe 13. 
Hetkodides. 

2\ Anterior tibiae without auditory cavities. Tegmina with no tym¬ 
panum. Tribe 14. Gryllacrides. (Pig- 201, i^chikodaciylus 
inojistrosus,) 

1 ', Tarsi distinctly compressed (most of the species apterous.) Tribe 15. 
Sten()Pei..matidks. (Pig. 202, Anostostoma anstralasiae; P’ig. 197, 
Dolichopoda paljfota,) 



CHAPTER XIV 

ORTHOPTERA CONTINUED -GRYLLIDAE, CRICKETS 

Fam. VIII. Gryllidae—Crickets. 

AnUnnae very slender, generally long and setaceous; hind legs 
long, saltatorial. Tegmina with the outer jwrtion dejlexed 
on to the side of the lody, and ivith the inner part lying Jlat 
on the body. Tarsi usually three-jointed {rarely two- or four- 
jointed). Female with a long ovipositor (except in Gryllotal- 
2 )idcs). Apterous forms nuinerous. 

The Gryllidae are closely connected with the Locustidae, tlie 

niusiccil and auditory organs 
being in both similarly situate, 
and the female in both possess¬ 
ing, in most of the tribes, an 
elongate exserted ovipositor. 
The two families differ in the 
number of joints of the tarsi, 
in the form of the tegmina, 
and in tlie fact that in Gryl¬ 
lidae tl'.e portion of the wing 
modified for musical purposes 
consists of a larger portion 
of the organ — according to 
de Saussure, the discoidal as 
well as the anal area. 

Tlie family would be a 
very natural one if we were 
to exclude from it the mole-crickets whicli have fossorial front 
legs and no ovipositor, and the Tridactylides, which also are 



Fia. 204.—House-cricket, Gryllua (Acheta) 
doniesticm, male. 
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destitute of ovipositor, and have short antennae, consisting of 
about ten joints. 

The head is generally very large; ocelli are present, though 
usually imperfect; the extremity of the body bears a pair of 
remarkably long ccrci. The hind tibiae are usually armed v^ith 
very strong spines; the first joint of the hind tarsus is elongate, 
and terminates in two spines, between which the small second 
joint is often almost completely concealed; the feet are not pro¬ 
vided beneath witli pads, but only bear remote setae. 

The alar organs are difficult of comprehension, and different 
opinions prevail as to their inori)hology. The tegmina are 
extremely different to the hind wings, and never attain large 
dimensions, neither do tliey exhibit any leaf-like or ornamental 
structures. In the genus rtempllstus they are formed some¬ 
what like the elytra of Coleoptera, and close over the back of 
the Insect in a fashion very 
like that found in beetles. 

According to Brunner tlie 
larger part of the t(*gm(‘n 
—which, as we liave said, 
reposes flat on the back 
of tlie Insect — re])resents 
merely the anal area, and 
all tlie other parts must be 
sought in the smaller, de- 
flexed portion of the wing- 
cover. 1 )e Saussure’s opinion, 
to a somewhat dilfereiit 
effect, we have already mentioned. The tegmina of the male 
are extremely different from those of the female, so that it is a 
matter of much difficulty to decide what nervures correspond.^ 

The wing-covers of the male differ from those of the Ixicustidae, 
inasmuch as the pair are of similar formation, each bearing a 
stridulating file on its lower aspect. This file projects somewhat 
inwards, so that its position is marked on the outer aspect of the 
wing-cover by a depression. Usually the right tegmen overlaps 
the other, an arrangement contrary to that which prevails in 
other Orthoptera. The wings are ample and delicate; tlu‘y 
possess numerous nervures that are not much forked and have a 
' See Puiigur, Tcnnes, FUzetek^ 1877, p. 223. 



L..I 



Fid, 205.—Tegmin*! (sinistral) of the house-cricket. 
A, mule, inner aspect ; B, female, outer 
asjMJct; a, inner margin ; 6, outer margin ; 
Cf nervure bearing stridulating tile. 
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simple, somewhat fiin-like arrangement; the little transverse 
nervules exhibit only slight variety. These wings are frequently 
rolled up at the apex, and project beyond the body like an 
additional pair of cerci (Fig. 204). The abdomen is chiefly 
remarkable for the large development of the pleura, the stigmata 
being consequently very conspicuous. The cerci are not jointed, 
though they are flexible and, often, very long; they bear a 
variety of sense-organs (Fig. 67). The saltatorial powers of the 
crickets are frequently considerable. 

Graber has observed the post-embryonic development of the 
field-cricket, Gryllus campestris, though unfortunately not from 
the very commencement, so that we do not know whether there 
are five, six, or seven ecdyses; the number is probably either six 
or seven. The manner in which the alar organs are developed is 
similar to that we have described and figured in the I/xiustidae. 
In the earlier instars there is a slight prolongation of each side 
of the meso- and meta-notum, but about the middle of tlie 
development a considerable change occurs — the rudimentary 
organs then become free appendages and assume a different 
position. 

The Gryllidae possess a pair of tympana on each front leg, 
but these organs contrast with those of the Locustidae in that 
the pair on each leg usually difter from one another, the one on 
the outer or posterior aspect being larger than that on the inner 
or front face of the leg. 

Tlie ears of the Gryllidae have not been so well investigated 
as those of the Ix)custidae, but are apparently of a much less 
perfect nature. No orifice for the admission of air other than 
that of the prothoracic stigma has been detected, exciept in 
Gryllotalpa. On the other hand, it is said ^ that in addition to 
tlie tibia! organs another pair of tympana exists, and is seated 
on the second abdominal segment in a position analogous to that 
occupied by the ear on the first segment of Acridiidae. 

The musical powers of the crickets are remarkable, and. are 
familiar to all in Europe, as the performance of the house-cricket 
gives a fair idea of them. Some of the Insects of the family are 
able to make a very piercing noise, the note of Brachytrypes 
megdcephalus having been heard, it is said, at a distance of a 
mile from where it was being produced. The mode of produc- 
^ Brunner, Verh, xool»-hot. Oe$, JFien, xxiv. 1874, p. 288. 
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tion is the same as in the Locustidae, rapid vibration of the 
tegmina causing the edge of one of them to act on the file of the 
other. 

The mole-cricket, Gryllotalpa vulgaris —the Werre of tlie 
Germans, Courtilitre of the French — is placed with a few 
allies in a special group, Gryllotalpides, characterised by the 
dilated front legs, wliich are admirably adapted for working 
underground. Like the mole, this Insect has a subterranean 
existence. It travels in burrows of its own formation, and it also 
forms beneath the surface a habitation for its eggs and family. 
Its habits have been alluded to by Gilbert White,^ who tells us 
that " a gardener at a liouse where I was on a visit, hap])ening 
to l)e mowing, on the 6th of May, by tlie side of a canal, his 
scythe struck too deep, pared off a large piece of turf, and laid 
oj)en to view a curious scene of domestic economy : there were 
many caverns and winding passages leading to a kind of chamber, 
neatly smoothed and rounded, and about the size of a mod(‘rate 
snuff-box. Within this secret nursery were deposited near a 
liundred eggs of a dirty yellow colour, and enveloped in a tougli 
skin, but too lately excluded to contain any rudiments of young, 
being full of a viscous substance. The eggs lay but shallow, and 
within the influence of the sun, 
just under a little heap of fresh 
moved mould like that which is 
raised by ants.” a 

The front legs are remark¬ 
able structures (Fig. 206), being 
l)eautifully adapted for burrow¬ 
ing ; the tibiae and tarsi are 
arranged so as to act as shears 
when it may be necessary to ^ 
sever a root. The shear-like 
action of the tarsus and tibia is 
very remarkable; the first and 
second joints of the former are 
furnished with hard processes, 
which, when the tarsus is moved, pass over the edges of the 
tibial teeth in such a way as to be more effective than a 
pair of shears. In consequence of its habit of cutting roots, 

^ Natural Ni^ory of Selhonie. Letter xo. 
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the mole-cricket causes some damage where it is abundant. It 
is now a rare Insect in England, and is almost confined to the 
southern counties, but in the gardens of Ceuitral and Southern 
Europe it is very abundant. Its French name courtilUre is 
supposed to he a corruption of the Latin curtilla. Its fondness 
for the neighbourhood of water is well known. De Saussurc 
says that in order to secure specimens it is only necesstiry to 
throw water on the paths between the flower-beds of gardens 
and to cover the wetted places with pieces of board; in tlie 
morning some of these Insects are almost sure to be found under 
the boards disporting themselves in the mud. The Gryllotalpae 
swim admiralfly by aid of their broad front legs. 

Ears exist in the mole-cricket, and are situate on the front 
leg below the knee, as in other Gryllidae, although it seems strange 
that a leg so ])rofoundly modified for digging and excavating 
as is that of the mole-cricket should bi^ provided with an ear. 
In Gryllotal'pa the ear is concealed and protected by being 
placed in a deep slit or fold of the surhice, and this depression 
is all that can be seen by examination of the exterior (Fig. 206, 

In the allied genus Scwpierisms the tym})anal membrane is, how¬ 
ever, destitute of special protection, being completely exi)osed on 
the surface of the leg. 

Although the tegmina or upper wings in Gryllotalpa are of 
small size, yet the true wings are much more ample; they are 
of delicate texture and traversed by many nearly straight radii, 
so that they close up in the most complete manner, and form 
the two long delicate, flexible processes that in the state of repose 
may be seen projecting not only beyond the tegmina, but fictually 
surpassing the extremity of the body hanging down behind it, 
and looking like a second pair of cerci. 

The mole-cricket is l)elieved to l)e chiefly carnivorous in its 
diet, though, like many other Orthopt(^ra, it can accommodate 
its appetite to parts of the vegetable as well as of the animal 
kingdom. The Insect is capable of emitting a sound consisting 
of a dull jarring note, somewhat like that of the goat-sucker. 
For this purpose the tegmina of the males are provided with an 
apparatus of the nature we have already descril)ed, but which is 
very much smaller and less elaborate than it is in the true 
crickets. 

The alimentary canal and digestive system of Gryllotalpa 
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present peculiarities worthy of notice. Salivary glands and 
reservoirs are present; the oesophagus is elongate, and has on 
one side a peculiar large pouch (Fig. 207, c); beyond this is the 
gizzard, which is embraced by two lobes of tlie stomach. This 
latter organ is, beyond the ]ol)es, continued backwards as a 
neck, which subse({uently Ix^comes larger and rugose-plicate. On 
the neck of the stomacli there is a pair of branching organs, 
which iJufour considered to 
be peculiar to tlie mole- 
cricket, and compared to a 
spleen or pancreas. The single 
tube into wliich the Mal¬ 
pighian tubuh^s open is seated 
near the commencement of 
tlie small intestine. These 
tubules are very fine, and are 
about one hundred in num¬ 
ber. The aiTangtnuent by 
which the Mal])ighian tub¬ 
ules open into a common duct 
instead of into tiie intestine 
itself app(*ars to be charac¬ 
teristic of the (Iryllidae, but 
is said to occur also in 
Eph ip pi 1 /era f a genus of 
Locustidae. According to 
Ix^ydig ^ and Schindler the 
Malpighian tubules are of 
two kinds, differing in colour, 
and, according to Leydig, in 

contents and histological F'<'^ 207 .-AIin,c..ta,T cnnal 

structure. Near the posterior 
extremity of the rectum 

there is a lobulated gland 
having a reservoir connected 
with it; this is the chief 

source of the foetid secretion the mole-cricket emits when seized. 

The nervous chain consists of three thoracic and four abdominal 
ganglia; these latter do not extend to the extremity of the body; 

1 Muller’s Arch, 1859, p. 169. 



the mole - cricket : tr, heatl ; ft, salivary 
glands ami receptacle ; r, lateral pouch ; 
stomato-gastric nerves ; e, anterior lobes of 
stomach; /, peculiar organ ; . 7 , neck of 
stomach ; h, plicate portion of same ; rec 
turn; ifc, lobulate gland ; /, extremity of body ; 
w, Malpighian tul>es. (After Du four.) 
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the three anterior of the four ganglia are but small, the terminal 
one being much larger. 

The number of eggs deposited by a female mole-cricket is 
large, varying, it is said, from 200 to 400. The mother watches 
over them carefully, and when they are hatclied, which occurs in 
a period of from three to four weeks after their deposition, slie 
supplies the young with food till their first moult; after this 
occurs they disperse, and l)egiii to form burrows for themselves. 

It has been Siiid that the young are devoured by their parents, 
and some writers have gone so far as to say that 90 per cent of 
the progeny are thus disposed of. M. Decaux, who has paid 
considerable attention to the economy of the mole-cricket,' acquits 
the mother of such an offence, but admits that the male commits 
it. The number of eggs in one nest is said to be about 300. 

The embryonic development of the mole-cricket has been 
studied by Dohrn ^ and Korotneff,^ and is considered by tlie 

former to be of great interest. TIu^ 
tracheae coniu'cted with each stigma 
remain isolated, while, according to 
Korotneff, the development of the 
alimentary canal is not completed 
when the young mole-cricket is 
hatched. Perhaps it may be this con¬ 
dition of the digestive organs that 
necessitates the unusual care the 
mother bestows on her young. 

The genus Cylindrodes (Fig. 208, 
G. kochi) comprises some curious and 
rare Insects of elongate, slender form. 
They are natives of Australia, where 
the first species known of the genus 

Pig. 208. — Cylindrodea kochi, was found in Melville Island by Major 
Australia. A, outline of the ^ i i i 

Insect with five of the legs an<i Campbell, Iroiu whom we learn that 

the extr^ity of the body iiiuti- these Insects buiTow in the stems of 
lated; B, middle leg. (After , . . . , , 

de Saussure.) plants, and are so destructive that he 

was unable to keep a single plant in 
his greenhouse on account of the ravages of Cylindrodea 
camphellii. The form of these Insects is beautifully adapted to 

’ Bull, Soc. ctU, France^ 1893, p. cnoxli. 

® ZcUackr, wisa, Zool, xxiii. 1876, p. 122. » lldd, xli. 1886, p. 670. 
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their habits, the body Ixjing contracted in tlie middle in siicli a 
way as to permit the middle and liind legs to be packed against 
it, so that the cylindrical form is not interfered with by these 
appendages while the excavating anterior legs are at work in 
front of the Insect. The abdomen lias nine segments; the 
terminal one, said to be remarkably long and destitute of cerci, 
is not shown in our figure. 

The genus Tridactylus is considered by de Saussure to form, 
with its ally Rhipipteryx, a division of Gryllotalpinae, but they 
are treated, perhaps more 
correctly, by Brunner as a 
separate trilie. T. varies- 
gains (Fig. 209) is a small 
Insect, abundant in sandy 
places oil the banks of 
rivers in Southern Europe, 

—extending on the Khone 
as far north as Geneva,— 
and is remarkable for its 
grefit power of leaping, and 
for the rapidity with which 
it can burrow in the sand. 

This anomalous Insect has 
only ten joints to the an¬ 
tennae. Its alar organs 
are imperfect, and not like 
those of other Gryllidae in either form or neuration. The hind 
legs are of iieculiar structure, the tibiae terminating in two pro¬ 
cesses between which is situate a rudimentary tarsus. Near the 
extremity of the tibia there are some plates, forming two series, 
that can be adpressed to the tibia, or extended as shown in our 
figure. The body is terminated by four rather short, very 
mobile processes; the uppi^r pair of these are each two-jointed, 
and are thought by de Saussure and Haase ^ to l>e cerci; the 
inferior pair, being articulated processes of the anal segment, 
their presence in addition to cerci is remarkable. It is difiicult 
to distinguish the sexes of this Insect. 

The exotic genus Rhipipte/i'yx is allied to Tridaciyins, It is 
widely distributed in South America, but the little Insects that 
* Morph, Jahrh, xv. 1889, p. 400. 



FKi. 209 .—Tridaciylm variegatus, France. 
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compose it are rare in collections, their saltatorial powers no 
doubt making it difficult to catch them ; little is known as to 
their habits. In the undescribed Ama¬ 
zonian species we figure (Fig. 210), the 
wings, instead of being mere rudiments, 
as in Tridactylus, are elongate and project 
beyond the body; they are of a blue- 
black colour, and arranged so as to look 
as if they were the abdomen of the Insect; 
they, moreover, liave a transverse pallid 
mark, giving rise to an appearance of 
division. It is difficult to form any 
surmise as to the nature of so curious a 
modification of the wings. 

Via. 210.—Rhipiptenjx sp., The Tridactylides have no tympana on 

Amazon valley. legH, and their affinity with the (Iryl- 

lidae is very doubtful. Dufour thought T. rarugatus to be more 
allied to the Aeridiidae. He based this opinion chiefly on some 
points of the internal anatomy, but pointed out that Tridactyl us 
diflers from tlie Aeridiidae in having no air - sacs in the 
body. 

Not many of the Gryllidae are so peculiar as the forms we 
have mentioned. The family consists in larger i)art of Insects 
more or less similar to the common cricket, though exhibiting 
a great variety of external form. The common cricket of our 
house.s, Gryllus {Acheta) domesticus (Fig. 204), has a very wide 
distribution in the Old World, and is also found in North America. 
It is believed to have had its natural distribution extended by 
commerce, though really nothing is known as to its original 
habitat. The shrill chirping of this little Insect is frequently 
heard at night in houses, even in the most densely inhabited 
parts of great cities. Neither the female nor the young are 
musical, yet the chiq^ing may be heard at all seasons of the year, 
as young and adults coexist independent of season. The pre¬ 
dilection of Gryllus domesticus for the habitations of man is very 
curious. The Insect is occasionally found out of doors in the 
neighbourhood of dwelling-houses in hot weather, but it does not 
appear that this species leads anywhere a truly wild life. It is 
fond of heat; though it rarely multiplies in dwelling-houses to 
any great extent, it is sometimes found in profusion in bake- 
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houses. Usually the wings in the cricket are elongate, and pro¬ 
ject backwards from under the tegmina like an additional pair 
of cerci; a variety, however, occurs in which these tails are 
absent, owing to abbreviation of the wings. 

There is no teauty in the appearance of any of the Gryllidae, 
though many of them are very bizarre in shape. Very few of 
them venture to leave the surface of the earth to climb on 


plants. The species of OecanthuSy however, do so, and may be 
foimd sitting in flowers. They have a more L(x:ustoid appearance 
than other Gryllidae. One of the most curious forms of the 


fiimily is PlatijhlemviuSy a genus of 
several species found in the Mediter¬ 
ranean region, the male of wliich has 
the head prcdonged into a curious pro¬ 
cess (Fig. 211); this varies greatly in 
development in the males of the same 
species. It would seem that this organ 
is of a similar nature to the extra¬ 
ordinary structures we have figured in 
Locaistidae (Fig. 189) and Mantidae 
(Fig. 180), thougli it appears im])Ossible 
to treat the cephalic ap])endages of Platij- 
hlemmus as ornamental objects; their 
import is at present quite obscure. 


A 



B 


Fia. 211.— Phi/yhle7nmvs 

((nticHSf male. A. front of 
]wiu\; B, ju'ottle of Insect 
with most of tlie appendages 
removed. 


A curious form of variation occurs 


in this family, and is calliHl micropterism by de Saussure; we 
have already mentioned its occurrence in the house-cricket. Tlie 
hind wings, which are usually ample, and frequently have their 
extremities rolled up and protruding like cerci, are sometimes 
much smaller in size, and not visible till the tegmina are ex¬ 
panded. De Saussure at one time supposed these microptcrous 
individuals to be distinct species; it is now, however, known 
that intermediate examples can be found by examining a great 
many specimens. Some ai)ecies are always micropterous. 

In Britain we have only four representatives of the Gryllidae, 
viz. the mole-cricket, the house-cricket, and two field-crickets, 
one of which, Nemohius sylvestrisy is considerably smaller than 
the house-cricket, while the other, Gryllus campestris, the true 
field-cricket, is a larger Insect. Its habits have been describtHl 
in an interesting manner in Gilbert White’s 88th letter. 



340 


GRYLLIDAE 


CHAP. XIV 


This Insect, like so many others, is apparently becoming rare in 
this country. 

A single fossil from the lias has been described as belonging to 
the Gryllidae, but in the Tertiary strata a variety of members of the 
family Have been discovered both in Europe and North. America. 

The classification of Gryllidae is due to de Saussure,^ and is 
said by Brunner to be very natural. In the following synopsis of 
the tribes of crickets we give de Saussiire’s arrangement, except that 
we follow Brunner in treating Tridactylides as a distinct tribe :— 

1. Antennae ten-jointed ; posterior tarsi aborted. Tribe 1. Tridactylides. 

(Fig. 209, Tridactylus varieyatus; Fig. 210, Rhijdjjieryx sp.) 

1'. Antennae many jointed ; posterior tai-si normal. 

2. Tarsi compressed, the second joint minute. 

3. Anterior legs fossorial ; anterior tibiae at the apex with two to 
four divisions. Pronotum elongate, ovate, rounded behind. 
Female without ovipositor. Tribe 2. Oryllotalpides. (Fig. 
206, front legs of Gryllotalpa; Fig. 208, Cylindrades kochi.) 

3'. Anterior legs formed for walking. Ovipositor of the female 
visible (either elongate or rudimentary). 

4. Posterior tibiae biseriately serrate. Tribe 3. Myrmeco- 
philides. 

4'. Posterior tibiae biseriately spinose. Ovipositor straight. 

6. Antennae short, thickish, almost thread-like. Facial 
scutelluni exserted between antennae. Posterior tibiae 
dilated. Gen. Myrmecophila,'^ 

Antennae elongate, setaceous. Facial sciitelliim trans¬ 
verse, visible below the antennae. Tibiae slender. 

6. Posterior tibiae armed with two strong spines, not 
serrate between the spines. Tribe 4. Gryllidrs. 
(Fig. 204, Gryllus domesticus; Fig. 211, Platy- 
hlemmus lusitanicus .) 

6'. Posterior tibiae slender, armed with slender spines, 
and serrate between them. Tribe. 5. Oecan- 

THIDES. 

2'. Second joint of the tarsi depressed, heart-shaped. 

3. Posterior tibiae not serrate, but biseriately spinose. 

4. The spines on each side three and mobile; apical spurs 
on the inner side only two in number. Ovipositor short, 
curved. Tribe 6, Trigonidiides. 

4'. The spines numerous, fixed. Ovipositor elongate, straight. 
Gen. Stenoyryllus, 

3'. Posterior tibiae serrate and spinose on each side, the apical spurs, 
as usual, three on each side. Ovipositor straight or curved. 
Tribe 7. Eneopterides. 


i/m. Soc. phys. OerUve^ xxv. 1877, and^ioL Centr^ Amer, Orthoptera^ 1894, p. 198. 
* The genus Myrmecophila^ being exceptional in several respects, is treated separately. 
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Order III. Neuroptera. 

Imago with hiting mouth ; vjith tico pairs of wings, the anterior 
as vjell as the jmterior membranous, usually with extensive 
neuration, consisting of elongate nervures and either of 
short cross-nervules forming numerous cells or of a com¬ 
plex viinuie mesh-wo7*k\ (07ie division, Mallophaga, co7i- 
sists e7itirehj of 'wingless forms; m T€7nnitidae some of the 
individuals of each generation become cringed, hut othei^s 
do not: except in these cases adult vrwgless forms a7*e few,) 
The metamorjdiosis diffei's in the sevei'al divisions. 



Fig. 212.—0.9?wy/tw chrysops, New Forest 


The Neuroptera form a heterogeneous, though compamtively 
small, Order of Insects, including termites, stone-flies, dragon¬ 
flies, may-flies, caddis-flies, lace-wings, scorpion-flies, ant-lions, etc. 
Bird-lice are also included in Neuroptera, though they have no 
trace of wings. 

We treiit the Order as composed of eleven distinct families. 
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and, as a matter of convenience, arrange them in five 
divisions:— 


1. Mallophaga, —Permanently wingless Insects, living on the bodies of birds 

or mammals. (Development very imperfectly known.) Faiu. 1. 
Mallophaga. 

2. Pseudoneuroptera. —Insects with wings in adult life (in some cases wings 

are never acquired). The wings are developed in a visible manner 
outside the body. There is no definite pupa. Live entirely on land. 
Fam. 2. Embiidae ; 3. Temiitklae; 4. Psocidae. 

3. Nmroptera amphihiotica. —Wings developed as in division 2. Three ocelli 

usually exist. Life aquatic in the early stages. Fam. 5. Perlidae; 
6. Odonata ; 7. Ephemeridae. 

4. Neuroptera planipmnia. —Wings developed internally ; not visible in early 

stages, but becoming suddenly evident when the pupal form is 
assumed. Mandibles present in the adtilt Insect. Ijife in early 
stages aquatic or terrestrial. Fam. 8. Sialidae; 9. Panorpidae ; 10, 
Hemerobiidae. 

5. Trichoptera. —Development as in division 4. Mandibles absent in the adult 

Insect. Life aquatic in the early stages. P'am. 11. Phryganeidue. 

The families wc have enumerated in the i)roc(Mling scheme arc 
now generally adopted hy entomologists. (rreat difference of 
opinion exists, however, as to the groups of greater value than 
the family, and for a long time past various schemes have been 
in vogue. Though it is necessitry to allude to the more important 
of these systems, we can do so only in the briefest manner. 

Some of the families of Neuroptera are similar in many points 
of structure and development to Insects of other Orders; thus 
Termitidae are somewhat allied to Tllattidae, Perlidae to Phas- 
midae in Orthoptera, while the Phryganeidae or Trichoptera make a 
considerable api)roach to I^pidoptera. Some naturalists—among 
whom we may mention Burmeister and Orassi—unite our Aptera, 
Orthoptera, and most of our Neuroptera into a single Order 
called Orthoptera. Others treat our Neuroptera as consisting 
of eight or nine distinct Orders; these, together with the names 
proposed for them, we have already alluded to in our chapter 
on classification, pp. 171-1V7. 

Erichson, impressed l)y the variety existing in Neuroptera, 
separated some of the groups into a sub-Order called Pseudo- 
neuroptera; this sub-Order comprised our Termitidae, Psocidae, 
Ephemeridae, and Libellulidae. This division is still adopted in 
several treatises; the Pseudoneuroptera are indeed by some 
naturalists retained as an Order distinct from both Orthoptera 
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and Neuro])tera. Gerstaec^ker subsequently made use of a system 
somewhat different from that of Erichson, uniting the Perlidae, 
Ephemeridae, and Odonata into a group called Ortho 2 )tera 
amphihiotica, from which tlie Tertiiitidae and Psocidae were 
excluded. The divisions we have here adopted differ but little 
from those of Gerstaecker, tliough we have arranged them in a 
very different manner. It is proba])le that not one-tenth part of 
the Neuroptera existing in tlie world liave yet been examined by 
entomologists, and of those that are extant in collections, the 
life-histories and development are very imperfectly known. We 
have, therefore, not considered it wise to adopt a system that 
would involve great changes of nomenclature, while there ciin 
be little hope of its }>ermanency. 

Fossils. —When considering the subject of fossil Insects we 
briefly alluded to the discussions that have occurred as to whether 
the fossils of the ])alaeozoic perio<l should be referred to existing 
OrdiTs. Since the pages we allude to were printed, M. Brong- 
niart’s very important work^ on the Insects of that epoch has 
appeared, lie considers tliat tliese ancient fossils may 1)C classi¬ 
fied with tlie existing Orders of Insects, though they cannot be 
placed in existing families; and he assigns the palaeozoic fossil 
Insects at present known, to the Orders Neiiroptera and Orthop- 
tera, and to the liomopterous division of Heini]>tera. The greater 
])art of the species he looks on as Neuroptera, and places in 
si X families—]\Iegasec( )pterides, Protephemerides, Platypterides, 
Steiiodictyopterides, Protodonates, and Protoperlides. Of these 
he considers the ancient Protephemerides, Protodonates, and 
Ih’otoperlides as the ])recursors, which, we presume, we may inter¬ 
pret as the actual ancestors, of our existing Ephemeridae, Odonata, 
and Perlidae. 

Some of the fossils restored and described by the French ento¬ 
mologist are of great interest. We siiall notice the Prote- 
])hemerides, I’rotodonates, and Protoperlides in connexion with 
the families to which they are si)ecially allied, and shall now 
only allude to the quite extinct families of Neuroptera, the 
Megasecopterides, Platy pterides, and Steiiodictyopterides. 

It is a pecidiarity of these ancient Insects that they w’ere 
much larger crentures than the corresponding forms that now 
exist. This may be due, to some extent, to the fact that tiny, 

' Itisecles/ossilvs dcs prifttaircSy 1893, vol. i. and atlas. 
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fragile forms have not been preserved in the rocks, or have not 
attracted the attention of collectors ; but as some of the palaeozoic 
Insects were absolutely the largest known—surpassing consider¬ 
ably in size any Insects at present existing—it is probable that, 
even if small forms existed at the remote epoch we are alluding 
to, the average size of the individual was greater than it is at 
present. Tlie Megasecopterides of the carboniferous epoch were 
Insects of large size, with long, narrow wings, a small prothorax, 
and large meso- and meta-thorax, these two segments being equal 
in size; the abdomen was elongate and moderately voluminous, 
and was terminated by a pair of very elongate, slender filaments 
like those of the may-fJies. The family includes several genera 
and species found at Commentry. One of these forms, Cory- 
daloides scudderi, is of gn^at interest, as it is believed by Brong- 
niart that the imago possessed tracheal gills situated on the 
sides of the abdomen, analogous with those that exist at })resent 
in the immature condition of certain Ephemeridae. They are of 
interest in connexion with the gills found at the present time in 
the images of (see p. 401). Although these fossils 

are of such enormous antiquity, the tracheae can, M. Brongniart 
says, 1)6 still perceived in these processes. 

The Platypterides include also a considerable numl)er of 
Insects of large size, with four large equal wings, frequently 



Fro. 213. — Lith/mantis carhonaria, Car- 
lx)niferons strata of Coiaineutry, JYance. 
(After Brougniart.) 


such they be, are said to have a 


spotted or variegate. Some of 
these Insects were provided 
with expansions or lobes on 
the sides of the prothorax 
(Fig. 213); these are looked 
on as analogous to the ex¬ 
pansions of meso- and meta¬ 
thorax, which are supposed by 
some writers to have been 
the rudiments from which 
wings were developed. These 
prothoracic wing-rudiments, if 
system of nervures similar to 


;what we find in true wings. The genus JAthoniantis includes a 


Scotch fossil, and has already been mentioned by us on p. 259. 

The third family of extinct carboniferous Neuroptera is the 
Stenodictyopterides, in which Brongniart places the Dictyoncura of 
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Goldenberg, the North American Haplophlehiurriy and several genera 
from Commentry. Some of them were very large Insects, with 
robust bodies, and possessed wing-like expansions on the prothorax, 
and lateral gill-like appendages on the sides of the abdomen. 

It is worthy of note that though so large a numl^r of car¬ 
boniferous Neuroptera have now been discovered, no larvae or 
immature forms have been found. 

We now pass to the consideration of the divisions of Neurop¬ 
tera still living. 


Fam. I. Mallophaga—^Bird-Lice or Biting Lice. 


usually of two. 


Small InsectSy winylesSy vAth large head; thorax 
rarely of one or three segments; 
prothorax ahvays distinct; hind 
hody consisting of eight to ten 
segmentsy in addition to the pos¬ 
terior two thoracic segments tchich 
usually are hut little or not at 
all separated f rom it. The meta- 
nunphosis is very slight. The 
creatures live on the ski?is of birds 
or mammalSy Jinding nourishment 
in the epidermal piroducts. 

The whole of the Insects of this 
family live a parasitic, or rather epizoic, 
life. They all creep about those parts 
that are near to the skin, the feathers 
of birds or the hair of mammals; 
they rarely come quite to the surface, 
so that they are not detected on a 
superficial examination. It is curious 
that under these circumstances they should exhibit so great a 
variety of form and of anatomical chanicters as they do. 

They are very depressed, that is, flat. Insects, with a large 
head, which exhibits a great variety of shape; frequently it is 
provided in front of the antennae with some peculiar tubercles 
called trabeculae, which in some cases are mobile. The antennae 
are never large, frequently very small; they consist of from three 
to five joints, and are sometimes concealed in a cavity on the 



Fm. 214.— Trinoton UtrMum. 
Lives oil the cominoii duck 
and various species of .rlwiw. 
(After Giebel.) 
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under side of the head. The eyes are very rudimentary, and 
consist of only a small number of isolated facets placed behind 

the antennae; sometimes 
they are completely absent. 
The moutli parts are situ¬ 
ated entirely on tlie under¬ 
surface of the head and in 
a cavity. The upper lip 
is frecpiently of remarkable 
form, as if it were a scrap¬ 
ing instrument (o/. Fig. 

Fid. 215. —Un<ler-Siirf(uie of liea.l of Lipeuru.^ 215). The lliaiidibles are 

heterofjraphns. (After Crosse.) o/. Labrum ; shai'plv tootlicd and appai- 
mdf maiidible; mx^ iiiaxillu; ///, labiiiiii. ^ 

ently act as cutting instru¬ 
ments. The maxillae have been described in the principal 
work on the family^ as possessing in some cases well-developed 
pal[)i. According to (Irosse ^ this is erroneous ; the maxillae, he 
says, are always ilestitute of palpi, and are of peculiar form, being 
each merely a lobe of somewhat conical sluipe, fiirnish(*d on one 
aspect with hooks or setae. The under lip is peculiar, and 
apparently of very different form in the two chief groups of 
Mallophaga. The 
large men turn bears, 
in Liotheides (Fig. 

216, B), on each side 
a four-jointed palpus, 
the pair of jjalps 
being very widely 
separated; the ligula 
is broad and undi¬ 
vided ; on each side 

there is a paragloS.Sa A; and of retroph- 

, . ^ 1 thahnns chileyms, B. (Aftt'r (Jrossc.) ?«, MiMituiu ; 

bearing an oval pro- g, ligula ; pali» j paraglossa ; Ay, lingiuu 

cess, and above this 

is a projection of the hypopharynx. In Philoj)terides (Fig. 216, 
A) the palpi are absent, and the parts of the lower lip are— 
.with the exception of the paraglossae—but little differentiated. 
The lingua (hypo-pharynx) in Mallophaga is largely developed, 

^ Giebel and Nitzscli, Insecta epizoica^ folio, 1874. 

* Zeitschr, wiss. ZooL xUi. 1885, j). 537. 
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and bears near the front a chitinous sclerite corresponding with 
another placed in the epipharynx. 

The prothorax in Mallophaga is a distinct division of the 
body even when the meso- and meta-thorax appear to be part of 
the abdomen. The mesotliorax is frequently very small; it and 
the metathorax are sometimes intimately connected. In other 
cases (^LaemohothriurrC) the metathorax appears to differ from t he 
following abdominal segment only by having the third pair of 
legs attached to it. In Triiwton (Fig. 214) the three thoracic 
segments are well developed and distinct. The abdominal 
segments visilde, vary in number from eiglit to ten; there is 
sometimes a difference according to sex, the male having one 
segment taken into tlie interior in connexion with the rejn’o- 
ductive organs. The legs have short, broad coxae and small 
tarsi of one or two joints; very rarely three joints are present; 
there are either one or two claws; the legs with one claw being 
adapted for clinging to or clutching 
hairs. Tlie front pair of legs is used 
not for locomotion so much as for 
grasping tlie food and bringing it 
witliin the range of the mouth. Xo 
trace of wings lias been detected in 
any species. 

The nervous system has been 
examined by Giebel in Lipevrus 
hue ill us; there is a supra- and an 
infra-oeso})hageal ganglion, and three 
thoracic, but no abdominal ganglia. 

The supra-oesophageal is remarkably 
small, in fact not larger than the 
infra - oesophageal; it consists evi¬ 
dently of two conjoined halves. The 

alimentary Ciinal has a slender, elon- pm. 2i7.- Oanglia of nervous sys- 
gate oesophagus, dilated behind into a Lijmfnfshu'iUHs. (After 

® T • j 1 Giebel.) fi. Cavity of head. 

crop ; this is trequently received be¬ 
tween two cornua formed by the anterior part of the stomach, 
which, except for these, is simply tubular in form, tlioygh some¬ 
what narrower at the posterior extremity. In some forms— 
riiilopterides—the crop is of a very peculiar nature (Fig. 218), 
forming an abrupt paunch separated from the stomach by the 
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posterior portion of the oesophagus. There are only four Mal¬ 
pighian tubes; in some species the basal 
half of each tube is much dilated. The 
two divisions of the intestine are short 
and are separated by the intervention of a 
glandular girdle. Salivary glands exist; 
Giebel figures what we may consider to 
be an enormous salivary reservoir as exist¬ 
ing in MeMO'pon leucostomum. 

The testes and ovaries are of a simple 
nature. The former consist of two or 
three capsules, eacli having a terminal 
thread; the vasa deferentia are tortuous 
and of variable length; they lead into 
the anterior part of the ejaculatory duct, 
where also opens the elongate duct pro- 
^ ^ , ceeding from the bicapsular vesicula seini- 

(yt jjitcophnruafuscicuUK nalis; these structures have been figured 
(Alter Gieijci.) Oeso- Grosse^ as Well as by Giebel. The 

posterior division of oeso- ovaries coiisist of three to five short egg- 

O" two oviducts 

pighian tubes; c, small combine to form a short common duct 
girSer^^i which there is connected a recepta- 

culum seminis. 

The eggs of some Mallophaga have l)een figured by Melnikow 
they possess at one extremity a cover with a multiple rnicropyle- 
apparatus, and at the opposite pole are provided with seta-like 
appendages. They are very like the eggs of the true lice, and are 
said in some cases to be suspended by threads to the hairs or 
feathers after the fashion of the eggs of Pediculi. 

Little is known as to the development; the young are ex¬ 
tremely like the adult, and are thought to moult frequently; the 
duration of life is quite unknown. 

It has been stated by some writers that the mouth is truly of, 
the sucking kind, and that the Mallophaga feed on the blood of 
their hosts. This is, however, erroneous; they eat the delicate 
portions of the feathers of birds, and of mammals perhaps the 
young hair. Their fertility is but small, and it is believed that 

' ZeUschr. wiss. 7ool. xlii. 1885, pi. xviii. f. 15. 

* Arch./. Naiurg. xxxv. i. 1869, i>. 154, pis. x. xi. 
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in a state of nature they are very rarely an annoyance to their 
hosts. The majority of the known species live on birds; the 
forms that frequent mammals are less varied and have been less 
studied ; most of them have only one claw to the feet (Fig. 220), 
while the greater portion of the avicolous species have two 
claws. 



Fig. 219. —Lipeurus tematus^ male ; 
iiihubits SarcorkamphuH jjapa, 
(After Gielxjl.) 



Fig. 220. — Trichodectes latm, male ; 
inhabits the dog, Canis famili- 
am. 


Most of the forms have the anterior legs small, and they are 
usually drawn towards the mouth, owing, it is believed, to their 
being used after the manner of hands to bring the food to the 
mouth; hence in some of our figures (219, 220) tlie body looks 
as if it had only foui* legs. 

Very diverse statements have been made as to whether allied 
forms of Mallophaga are found only on allied birds. It would 
appear that this is tlie case only to a limited extent, as certain 
species are found on quite a variety of birds; moreover, some 
birds harbour several sj^ecies of bird-lice, even five genera having 
been found, it is said, on one sjxjcies of bird. Docophorus 
icterodcs has been recorded as occurring on many kinds of ducks 
and geese; the swan, however, harbours a distinct species, Doco¬ 
phorus vygni, and this is said to have also been found on the 
bean-goose. 

At least five species, belonging to three distinct genera, have 
been found on the common fowl. The parasite most frequently 
met witli on this valuable creature is Menopon pallidum (Fig. 
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221), which is said to have been figured by Eedi two hun¬ 
dred years ago under the name of Pulex 
capL This species multiplies to a con¬ 
siderable extent; it is of very active 
habits, and passes readily-from one bird 
to another, so that it is found on other 
species besides the domestic fowl. It is 
even said that horses kept near hen¬ 
roosts have been seriously troubled by 
Menopon paUidum, but it is suggested 
by Osborn that these attacks may per¬ 
haps have been really due to itch-mites, 
iiihahits the common fowl. There IS, liowever, no doubt that this 
species may infest poultry, especially if 
sickly, to an enormous extent. The dust- 
baths in which poultry are so fond of indulging are considered 
to be of great use in keeping down the numbers of this Insect. 

A table of the birds and mammals on which Mallophaga 
have been found, together with the names of the latter, has been 
given by Giebel.^ The classification of the group, so far as the 
principal divisions are concerned, by no means accords with the 
kind of animals that serve as hosts, for the only two genera 
peculiar to quadrupeds {Trichodecte.% Fig. 220; and Gyro 2 )us) 
belong to the two chief divisions of Mallophaga. The genus 
Menopon includes numerous species found on birds, and three or 
four others peculiar to mammals. 

Two very natural divisions, Philopterides and Taotheides, were 
adopted by Giebel and Nitzsch, but unfortunately the chief 
character they made use of for diagnosing tlie two groups—the 
presence or absence of maxillary palpi—was ilhisory. Apparently 
the labial palps will serve the purpose of distinguishing the 
two divisions, they being present in the Liotheides and absent in 
the Philopterides. A table of the characters of the avicolous 
genera of these two groups is given by Grosse.^ 

The Liotheides are more active Insects, and leave their host 
after its death to seek another. But the Philopterides do not 
do so, and die in about three days after the dijath of their host. 
Possibly Mallophaga may be transferred from one bird to another 

^ Op. cit. pp. vii.-xiv. For classification, etc., see also Piaget, Lra P^diculims, 
Leyden, 1880. * Zeitschr, wins, Zool, xlii. 1885, p. 532. 
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by means of the parasitic two-winged flies that infest birds. 
The writer has recorded^ a case in which a specimen of one of 
these bird-flies captured on the wing was found to have some 
Mallophaga attached to it. 

We should perhaps point out that these Mallophaga, though 
called bird-lice, liave nothing to do with the true lice which are 
so frequently found with them, and that live by sucking the 
blood of their hosts. It would in fact be tetter to drop the 
name of l^ird-lice altogether, and call the Mallophaga biting lice. 
Trichodectes latus, according to this method, would be known as 
the biting louse of the dog, the true or sucking louse of which 
animal is Haematoinnus inliferus, and belongs to the anoplurous 
division of Hemiptera. 


Fam. II. Embiidae. 


Elomjate feehle Insects ; until small frotliorax, elongate mesa- and 
meia. - thonvx, which 
wag either hear wings 
or he without them, 

III the former case 
these organs are nat 
caducous, are deli- 
cat ely mem hr a nous, 
and all of one coiisist- 
ence, with three or 
four indefinite longi¬ 
tudinal nerv'ures and 
a feiv cross -vein lets. 

I’ll e dev el op m e nt is 
incompletely know n, 
societies. 



Fia. 222 .—Oliifotemm michaeli. 
M‘Lachlan.) 


(After 


21ie individuals do not form organised 


The Embiidae are one of the smallest families of Insects; 
not more than twenty species are known from all parts of tlie 
world, and it is probable that only a few hundred actually exist. 
They are small and feeble Insects of unattractive apj^earance, 
and shrivel so much after death as to render it difficult to 
ascertain their characters. They require a warm climate. Hence 
' P, ent, Soc. London, 1890, p. xxx. 
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it is not a matter for surprise that little should be known about 
them. 

The simple antennae are formed of numerous joints, probably 
varying in number from about fifteen to twenty-four. The mouth 
is mandibulate. Chatin states ^ that the pieces homologous with 
those of a maxilla can be detected in the 
mandible of Emhia, The labium is divided. 
The legs are inserted at the sides of the 
body, the coxae are widely separated (Fig. 
223), the hind pair being, however, more 
approximate than tlie others. The abdo¬ 
men is simple and cylindrical, consisting of 
ten segments, tlie last of which bears a pair 
of biarticulate cerci. In tlie male sex there 
is a slight asymmetry of these cerci and 
of the terminal segment. The thorax is 
remarkable on account of the equal develop¬ 
ment of the meso- and meta-thorax and 
their elongation in comparison to the pro- 
thorax. When they bear wings there is no 
modification or combination of the segments 
for the purposes of flight, the condition of 
these parts being, even then, that of wing¬ 
less Insects; so that the Embiidae that have wings may be 
described as apterous- 
like Insects provided 
with two pairs of in¬ 
efficient wings. The 
wings are inserted on 
a small space at the 
front part of each of 
the segments to which 
they are attached. 

The legs have three- 
jointed tarsi, and are 

destitute of a terminal Anterior wing of mundersH ; A, the 

, wing; B, outline of the wing, showing nervures. 

appendage between (After Wood-Mason.) 1, Costal; 2, subcostal; 3, 
the claws radial; 4, discoidal; 6, anal nervure. 

The wings in Embiidae are very peculiar; they are extremely 
^ Bull, Soc, Philom, (7) ix. 2>* 33. 
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flimsy, and the nerviires are ill-developed; stripes of a darker 
brownish colour alternate with pallid spaces. We figure the an¬ 
terior wing of Oligotoma saundersli, after Wood-Mason ; but should 
remark that the neuration is really less definite than is shown 
in tliese figures; tlie lower one represents Wood-Mason's inter¬ 
pretation of the nervures. He consideis ^ that the brown hands 
“mark the original courses of veins whicli have long since dis- 
apiieared." A similar view is taken by Eedtenbacher,^ but at 
present it rests on no positive evidence. 

One of the most curious features of the external structure 
is the complex condition of the thoracic sternal sclerites. These 
are shown in Fig. 22o, representing the under-surlace of an 
Emhia of uncertain species recently brought by Mr. Bateson 
from Andalusia. 

According to Orassi ^ there are ten pairs of stigmata, two 
thoracic and eiglit abdominal; these are connected l»y longi¬ 
tudinal and transverse tra<?lieae into a single system. The 
ganglia of the vcmtral cl lain are, one suboesophageal, three thor¬ 
acic, and seven abdominal; the.se are segmentally plficed, except 
that there is no ganglion in the fifth abdominal segment. There 
is a stomato-gastric system but no “sympathetic." Salivary 
glands are present. The stomodaeal portions of the alimentary 
canal are remarkably capacious; the stomach is elongate and 
slender, without diverticula; tlie Malpighian tubes are elongate 
ami slender ; they vary in number with the age of the individual, 
attaining that of twenty in the adult. The ovaries are arranged 
somewhat after the fashion of those of Japyx, there being in 
each five short egg-tubes, opening at equal intervals into a 
straight duct. The testes are remarkably large; each one con¬ 
sists of five masses of lobules, and has a laige vesicula seminalis, 
into the jiosterior part of which there 0 }>en the ducts of two 
accessory glands. The large joint of the front tarsus includes 
glands whose secretion esca]>es by orifices at the tips of certain 
setae interspersed l)etween the short spines that are placed on 
the sole. 

Species of this genus occur in the Mediterranean region, but 
their characters have not yet been examined. Our information 

' r, Zooh Soc, London, 1883, p. 628. 

- Ann. Ifo/mus. JV^icn, i. 1886, p. 171. 

’ Atti Acc, Oiotnia, vii. 1893. 

VOL. V 2 A 
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as to these is cliiefly to be found in Grassi's work. The two 
species studied by him were wingless. They live under stones, 
where they spin webs by means of the front feet, whose first 
joint is, as we have said, enlarged and contains glands; the 
Insect uses the webs as a means of support in progression, acting 
on them by means of papillae and a comb-like structure placed 
on the four posterior feet. 

Grassi informs us that tliese Insects are not uncommon under 
stones in CaUinia; they require moisture as well as warmth, but 
not too much; sometimes there is only one individual found 
under a stone, at others eight or ten. In the winter and sj)ring 
their galleries are found on the surface of the earth, but in 
the hot months of sumnier they secure the recpiisite amount 
of moisture by sinking their galleries to tlie depth of ten or 
fifteen centimetres. Their food consists clnetly of vegetable 
matter. They may be reared with ease in glass ves.stds. Other 
sj^ecies of the family attain wings; the details of the process are 
not well known. Olu/ofoma niichaeli (Fig. 222) was disc*overed 
in a hothouse in London among .some orchid roots brought from 
India, and was found in more than one stage of development; 
the young greatly resemble the adult, except in the absence of 
wings. A nymph-form is descril)ed by MM^rfichlan ^ as possess¬ 
ing wings of intermediate length, and Hagen has suggested that 
this supposed nymph is really an adult female with short wings. 
If this latter view ])e correct, nothing is known as to the mode 
of development of wings in the family. It is still uncertain 
whether female Embiidae ever posse.ss wings. Woo<l-Mason and 
Grassi have shown that there are wingless females in some sjKiines, 
and we know that there are winged males in others, but wluit the 
usual relation of the sexes may Ije in this res|)iict is quite uncer¬ 
tain. These Insects have l>een detected in various parts of the 
world. In the Sandwich I.slands Ollf/otorna msitlnris was dis¬ 
covered by the Rev. T. Blackburn in the wood and thatch form¬ 
ing the roofs of natives’ hous(*a. A si)ecies has U‘en found in 
Prussian amber, and Grassi thinks that Evihia solieri —one of 
the Mediterranean sjxicies—is not to l>e distinguished with cer¬ 
tainty from the In.sect found in aml)er. 

Embiidae still remains one of the most enigmatic of the 
families of Insects. Although Grassi s recent observations are 

* J, Linn. Si*r, Zool. xiii. 1878, pi. xxi. f. 2. 
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of great value from an anatoniiciil point of view, they lather add 
to, than diminish, the difficulties we encounter in endeavouring 
to understand the lives of these obscure creatures. That 
Embiidae form webs has long been known, and it was thought 
by some that the webs, like those of spiders, might Ijc of assist¬ 
ance in pnxjuring food. We may, however, infer from Orassi’s 
observations that this is not the case, but that the silken tunnels 
or galleries—as he aills them—serve chiefly as a means of 
locomotion and protection, the feet of the Insects Ijeing highly 
modified in conformity with this mode of life. Grassi seems 
to be of opinion that the galleries are also useful in preserving 
a proper degree of humidity round the Insects. We have 
already alluded to the mystery that surrounds the mode of 
growth of their wings. Neiirly all that is known as to the 
Embiidae is contained in Grassis paper, or is referred to in 
Hagen’s monograph of the family.^ 

(vonsideralde difference of opinion has prevailed as to the 
allies of thes3 obscure Insects. It would seem that they 
are most nearly allied to Terniitidae and Psocidae. Grassi, 
however, considers these affinities only remote, and suggests that 
Embiidae should form a separate Order, to be placed in a sui)er- 
Order Orthoptera, which would include our Aptera, the U\o 
families mentioned above, Mallophaga, Embiidae, and the ordi¬ 
nary Orthoptera. Brauer places the family in his Ortlioptera 
genuina. 


^ Canadian Entomologist, xvii. 1885, throughout. 



CHAPTER XVI 

NEUKOPTERA CONTINUED -TEUMITIDAE, TERMITES OR WHITE ANTS 

Pam. HI. Termitidae—White Ants, Termites. 

Eiuh species is social, arid consists of winfjed and vdtujhss indi¬ 
viduals. The four v'imfs are, in repose, laid Jlat on the 
back, so that the upper one only is seen ejceept just at the 
bases; they are membranous and very elonyate, so that they 



Pio, 225 .—Temies {Ilodotermes) mossambuMS. Winged adult. (After Ilagen.) 


extend far beyond the apex of the abdomen; the hind pair 
is remarkably similar in size, form, and consistenee to the 
front pair: near the base of each wing there is a suture, 
or line of weakness, along which the wings van he broken off, 
the stumps in that case remaining as short horny flaps re¬ 
posing on the hack. Ligula channelled hut not divided into 
two parts. The wingless individuals are very numerous, and 
have the head and thirteen body segments distinct; the body 
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is terminated hy a pair of short cerci. The metamorphosis 
is slight and gradual, and in some individuals is dispensed 
icith. 


The term Wliite Ants has been so long in use for the Termitidae 
that it appears almost hopeless to replace it in popular use by 
anotlier word. It has, however, always given rise to a great 
deal of confusion by leading people to suppose that white ants 
differ chiefly from ordinary ants by their colour. This is a most 
erroneous idea. There are scarcely any two divisions of Insects 
more different than the white .ants and the ordinary ants. The 
two groups have little in common except that lM>th have a social 
life, and that a very interesting analogy exists Ijetween the forms 
of tlie workers and soldiers of tliese two dissimilar Orders of 
Insects, giving rise to numerous analogies of habits. The word 
Termites—pronounced as two syllables—is a less objectionable 
name for these Insects than white ants. 


Tlie integument in Termites is delicate, and the chitinous 
plates are never very hard; frequently they are so slightly 
dev(do[HMl tliat the creature appears to consist of a single mem¬ 
branous sac with creases in it, the heiid alone Ixnng very distinct. 
The head is exserted, frequently of large 
size, sometimes as large as all the rest 
of tlie lK)dy together. Termites may 
lie quite blind, or possess facetted and 
simple eyes, the latter when present 
lieing two in numl)er and always accom- 

panied l)y faoettod eyes. The anteimao 226 . - Term.** w/, 
are simple, consisting of from nine to LaVmim, a, maxiitv, B, of 
thirty - one joints, which differ but Hagen.) 

little from one another; the iiuiiiIku- in 

each individual increiises as the development progresses. The 
parts of the mouth are large, the ligula consists of one piece 
(Kig. 226, A), but often has the appearance of lieing formed by 
two united pieces; on its extremity are seated two pairs of 
lolies. 


The head is articulated to the thomx by me.ans of two very 
large cervical sclerites on each side, placed at right angles to one 
another, and visible on the under-surface. The protliorax is 
well developed and distinct from the parts l)ehind it. The pro- 
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notum, of variable form and size, is very distinct in the perfect 
Insects; with it are connected the largely developed pleura. The 
episternurii is very peculiar, consisting of an elongate chitinous 
slip on each side hanging downwards, the two not quite meeting 
in the middle ; they thus form the margin of the very large 
anterior orifice, and are in contiguity with the cervical sclerites; 
behind them are the very large epimera. The prosternum 
appears to be usually entirely membranous; in some cases the 
sclerite in it is small and delicate, and apparently differs accord¬ 
ing to the species. The meso- and meta-thorax are sub-equal 
in size; the mesosternurn forms a peculiar, large, adpressed fold. 
The metasternum is membranous, but is terminated behind by 
a sclerite apparently of variable form. The hind body is volumi¬ 
nous, simple in form, consisting of ten segments and l)earing at 
the extremity two short distant cerci of a variable numl)er of 
joints. The terminal ventral sclerites differ grccatly in form 
according to the species and sometimes according to the sex; 
there are sometimes, if not always, present near the extremity 
two j>eculiar minute biarticulate styles, called appendices anales. 
The coxae are all large, free, and exserted; at tlie base of each 
is a transverse trochantin. The femora are articulated with 
the trochanters, not with the coxae; both femora and tibiae 
are slender, the tarsi small, four - jointed ; the terminal joint 
elongate. 

It is now well established that Termites have a means of 


communication by sounds. The individuals have a peculiar way 

of jerking themselves, as has 
.jJ been fre({uently noticed by ob- 

servers of the Insects; these con- 
vulsive movements may possibly 
„ no- ru. * ^ be connected wdth the prcKluction 

Fio. 22/. — Front tibia and tarwn.s of i i • i ^ 

Catniermea ruf/oftus larva, showing of SOUnd, wllicll may perhaps 1)6 

^uditory organ. x90. (After K. ^-outact l«tween the 

back of the head and the pro- 
notum; the exact mode l)y which the sounds are produced is not, 
however, known. The existence of an auditory organ in the 
front tibia has Ijeen demonstrated by Fritz Miiller,^ and we 
reproduce (Fig. 227) one of his figures. The structure seems to 


' Jena, Zeilschr, Naturw. ix. 1876, pi. xii. See also Stokes in iicienee^ xxii. 
1893, p. 273. 
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ill plan and position similar to the ear of L(x,*ustidae, 
though much less perfect. 

The wings of Termitidae are not like those of any otlier 
Insects; their neuration is very simple, but nevertheless the 
wings of the different 
forms exhibit great differ¬ 
ences in the extent to 
which they are made up 
of the various fields. This 
is shown in Fig. 228, 
where the homologous 
nervures are numbered 
according to the systems 
of l)oth Hagen and Red- 
tenbacher. The area, VII, 
that forms the larger part 
of the wing in corre- 
sjKmds to the small i)ortion 
at the base of the wing 
in B. The most re¬ 
markable feature of tlie 



Fkj. 228.—Wings of Termites : A, Termes lurifugus; 
B, Jl(Hlo(ermfs hrunneicornis ; C, Vulntenws 
nodtdifsvs. (After RviUeiihacrher : B and C 
duigraiiimatic.) Ill, V, VII, hoinologo\is .ireas 
and nervures a<*conling to Redtenbacher. I, 
Costal ; 2, sulKOvtal ; 3, median ; 4, siibmedian 
nervures according to Hagen. 


wing is, however, its division into two parts by a suture or line 
of weakness near the bas(% as shown in Fig. 225. The wings 
are uscmI only for a single flight, and are then shed by detacli- 
ment at tliis suture ; the small bastil jKu tion of each of the four 
wdngs is horny and remains attached to the Insect, serving as 
a protection to the dorsjil surface of the thorax. 

The nature of the suture tliat enables the Termites to cast 
their wings with such e^use after swarming is not yet understood. 
There an^ no true transverse veinlets or nervules in Termites. 
Kedtenbacher suggests ^ that the transvei*sc division of tl»e wing 
at its base, as shown in Fig. 225, along which the separation of 
the wing occurs at its falling off, may have arisen from a cfwtles- 
cc^nce of the sulicostal vein with the eighth concave vein of such 
a wing as that of Blattidae. The same authority also informs us 
that the only point of resemblance between the wu‘ngs of Termi¬ 
tidae and those of PsiKudae is that both have an unusually small 
number of concave veins. 

The information that exists as to the internal anatomy of 
' Ann, ffo/mus, JVierit i. 1886, j». 183, 
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Termites is imperfect, and refers, moreover, to different species; 
it would appear that considemble diversity exists in many 
respects, but on this point it would be premature to generalise. 
What we know as to the respiratory system is chiefly due to 
F. Muller.^ The number of spiracles is ten ; Hagen says tliree 
thoracic and seven abdominal, Miiller two thoracic and eight 
abdominal. In fertile queens there usually exist only six 
abdominal stigmata. There is good reason for supposing that 
the respiratory system undergcK^s much change correlative with 
the development of the individual; it has been suggested that 
the supply of tracheae to the sexual organs is deficient where 
there is arrest of development of the latter. 

The alimentary canal is only of moderate length. Salivary 
glands exist, as also do salivary reservoirs; these latt(*r are large, 

in some species remarkal»ly so. The 
oesophagus is slt‘nder, but abruptly 
enlarged l>ehind to form a large crop; 
a pn)ventrieulus is a])par(mtly either 
present or absent; the chylific ventricle, 
or stomach, is slembn* and simple. The 
Malpighian tubules are very long; their 
numlmr is ])ro])ably from four to eight 
in the a<lult, and in the earlier stages 
less. Behiml the tulu's the alimentary 
canal forms a larger paunch, ami after 
this there is a small intestine and 
rectum. The paunch is a peculiar 
structure, and probal)ly of great import¬ 
ance in tlie econcuny of Termites. 

These creatures emit minute quanti- 

Fio. 22!).-He«l an.l alimentary of a sttcretion tliat is Corrosive, and 

canal of Terme,H lucifuifna (jmi act Oil luetal and cveii glass; “ its 

(nymph), f/, hcfttl ; />, salivary , , i . i 

glainls; salivary receptacles; nature and 8ourc(5 are iiot Understood. 

crop ; e, stomach intes- Ifagcii describes T>eculiar structures in 
tinal paunch; y, small, K ^ ^ i* i i • • in 

large intestine ; t, Malpigliian the rectUlll to wluch lie IS inclined^ 

(AfttVmlfour^^^^ ascribe the origin of this substance, 

, but this is very uncertain. 

The brain is small; the infra-oesophageal ganglion is placed 

' Jc'im. Zcitschr. Naturw. ix. 1875, p. 257. 

* Bidie, hi Naiui^^ xxvi. 1882, p. 549. * Linrmca EnlomoUtgica^ xii. 1858, p. 305. 
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immediately under the supra-oesophageal; there are three thoracic 
and six abdominal ganglia. The nervous system apparently 
differs but little in the various forms, or in the different stages 
of life, except that in the fertile females the abdominal ganglia 
become so much enlarged that they even exceed the brain in size. 

The testes are unusually simple ; each consists of eiglit capsules 
oi)ening into the vas deferens; the two vasa converge and are 
continued as a short ejaculatory duct; at the point of convergence 
there is a pair of curled vesiculae seminales. 

Tlie ovarian system is also simple ; there is a variable number 
of elongate egg-tubes, each of which opens seijarately into the 
oviduct; tlie two ducts unite to form a short uterus, on which 
there is placed first a spermalheca, and near tlie extremity a 
convolute tubular sebific gland. The number of egg-tulies is 
subject to extraordinary variation, according to the sj^ecies, and 
according to the age of the fertilised individual. 

Social Life. — Termites live in communities that consist 
sometim(‘S of enormous nund)(.u\s of individuals. The adult forms 
found in a community are (1) workers; (2) soldiei*s; (2) winged 
males and females; (4) some of these winged forms that have 
l(»st tlieir wings. Some sj^ecies have no worker caste. Tlie 
indiviiluals of the third category are only present for a 
few days and then leave the nest in swarms. In addition 
to the adult individuals there are also present variims 
forms of young. The individuals tliat have lost their wings 
are usually limited to a single pair, king and queen; 
there may Ikl^ more than one king and queen, but this is not 
usual. Tlie king and queen may lie I'ecognised by the stumps 
of their cast wings, which exist in the form of small triangular 
jiieces folded on the back of the thorax (Fig. 285). The con¬ 
tinuance of the community is effected entiivly by the royal pair; 
they are the centres of activity of the community, which is thrown 
into dmorder when anything hapjHms to them. Usually the pair 
are physically incapable of leaving the nest, especially the queen, 
and frequently they are enclosed in a cell which they cannot leave. 
In consequence of the disorganisation that arises in the com¬ 
munity in the absence of a royal jiair. Termites keep certain 
individuals in such a state of advancement that they can rapidly 
be developed into royalties should occasion require it. These 
I'eservo individuals ai'e called complementary by Grassi ; when 
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they become royalties they are usually immature as regards 
the condition of the anterior parts of the body, and are then 
called by Grassi and others neoteinic, as is more fully explained 
on p. 380. 

Swaxms. — As a result of the Termite economy largo 
numbers of sui)erfluous individuals are frecpieiitly produced; 
these, in the winged state, leave the community, forming swarms 
which are sometimes of enormous extent, and are eagerly preyed 
on by a variety of animals including evtm man. Hagen has 
given particulars^ of a swarm of flavipes in Massachusetts, 
wliere tlie Insects formed a dark cloud; tliey were accompanied 
by no less tlian fifteen si)ecies of ])irds, sonui of whicli so gorged 
themselves that they could not close their l)t*aks. 

There is but little metainori)hosi8 in Tt*rmitidae. Young 
Termites are very soft; they have a thin skin, a dispropor¬ 
tionately large head, and are of a pwuliar wliite colour as if 
filled with milk. This condition of milkiness they retain, not¬ 
withstanding the changes of form that may occur during tlndr 
growth, until they are adult. The wings first api)t*ar in the 
form of prolongations of the meso- and meta-nota, which increase 
in size, the increment probably taking ])lace at the moults. The 
number of joints of the antennae incn^ases during the develop¬ 
ment; it is effected l)y growth of the third joint and subse^pient 
division thereof; lienee tlie joints imme<liatcly l)eyond the 
second are younger than the others, and are usually shorter and 
altogether more imperfect. The life-histories of Termites have 
been by no means completely followed; a fact we can well under¬ 
stand when we rexjollect that these creatures live in communities 
concealed from observation, and that an isolated individual cannot 
thrive; besides this the growth is, for Insects, unusually slow. 

Natural History. —The progress of knowledge as to Ter¬ 
mites has shown that profound differences exist in the economy 
of different sjx^cics, so that no fair general idea of their lives can 
be gathere<l from one siKn ies. We will therefore briefly sketch 
the economy, so far as it has l>een ascertained, in three species, 
viz. Calotermes Jlavirollis, Termes lucifugxis, and T, hdlicoms, 

Caloternies JlavicoUis inhabits the neighl>ourhooil of the 
Mediterranean Sea; it is a representative of a large series of 
species in which the peculiarities of Termite life are exhibited 

^ }\ Boston Soc, XX. 1878, p. 118. 
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ill a comparatively simple manner. There is no special caste of 
workers, consequently such work as is done is carried on by the 
other memliers of the community, viz. soldiers, and the young 
and adolescent. The hal)its of this species have recently teen 
studied in detail in Sicily by Grassi and Sandias.' The Insects 
dwell in the branches and stems of decaying or even dead trees, 
where they nourish themselves on those parts of the wood in 
which the prwess of deaiy is not far advanced; they live in the 
interior of the stems, so that frequently no sign of them can te 
seen outside, even though they may 
be heard at work by apj)lyiiig the 
ear to a luancli. They form no 
s[H'cial habitation, the interior of 
the branch being sufficient protec¬ 
tion, but they excavate or incrtnise 
the natural cavities to suit their 
purposes. It is said that tliey 
line tile galleries with proc'todaeal 
cement; this is doubtful, but they 
form barricades and partitions 
where necessiiry, by cementing 
together the pi-m-toda.-al products 230.-Son.c individuals of Cafo- 



with matter from tlie salivary 
glands or regurgitated from the 
anterior parts of the alimentary 


tcrmes jlavi.‘vUu: A, iiyiui»li with 
jiartially grown wing - pa*is ; B, 
julnit sohlier ; C, adult winged in¬ 
dividual. (After Grassi.) 


canal. The numbers of a com¬ 


munity only increase slowly and remain always small; rai'ely do 
they reiuh 1000, and usually remain very much telow this. The 
king and (piecn move ateut, and their family increases but slowly. 
After fifteen months of their union they may te surrounded by 
fifteen or twenty young; in another twelve months the number 
may have increased to fifty, and by the time it has rt^ached some 
five hundred or upwards the increase ceases. This is due to the 
fact that the fertility of the queen is at first pi'ogi'essive, but 
ceases to te so. A queen three or four years old piodiues at 
the time of maximum production four to six eggs a day. When 
the community is small—during its fii'st two years—the winged 
individuals that depart from it are about eight or ten annually, 
\)ut the numbers of the swarm augment with the increase of the 


' AUi Acc* Gioen, vi. anil vii. 1893 and 1894. 
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population. The growtli of the individuals is slow; it appears 
that more than a year elapses between the hatching of the egg 
and the development of the winged Insect. The soldier may 
complete its development in less than a year; the duration of its 
life is not known; that of the kings and (|ueens must be four or 
five years, probably more. After the winged Insects leave the 
colony they associate themselves in pairs, each of which should, 
if all goes well, start a new colony. 

The economy of Termes Incifurfus, the only European Termite 
besides Calotermes flaricollis, has been studied by several 
observei's, the most important of whom are I^^spes ^ and Grassi 
and Sandias. This species is much more advanced in social life 
than Calotermes is, and jKjssesses both workers and soldiers 
(Fig. 2‘>1, 2, 3); the individuals are much smaller tlian those of 
Calotermes, Burrows are made in wood of various kinds, furni¬ 
ture being sometimes attacked. Besidi‘s making excavations 
this species builds galleries, so that it can move from one ol)ject 
to another without Ix^ing exposc^l; it iKnng a rule—subject to 
certain exceptions—that Termites will not exposti themselves 
in the outer air. Tliis is probably due not only to the 
necmsity for protection again.st eiuunies, but also to the fact 
that they cannot l)ear a dry atmosphere; if exj>osed to a drying 
air they speedily succumb. Occasionally siR'cimens may 1)0 sc^en 
at large; (Jrassi considers these to ])e merely explorers. Owing 
to the extent of the colonies it is ditlicult to estimate with 
accimicy the numl)er of individuals composing a community, but 
it is doubtless a greiit many thousands. Grassi finds the economy 
of this species in Sicily to Ixi different from anything that has 
been recorded as occurring in otlier sptKues; there is never a true 
royal pair. He says that during a period of six years he has 
examined th*)us^inds of nests without ever finding such a pair. 
In phice thereof there are a consid(uable nuinlK»r of complementary 
(pieens—that is, females that have nf)t gone through the full 
development to ])erfect Insects, but have been arrested in various* 
stages of development. In Fig. 231, Nos. 4 and 5 show two of 
these abnormal royalties; No. 4 is comparatively juvenile in 
form, while No. 5 is an individual that has been substituted in 
an orphaned nest, and is nearer to the natural condition of perfect 
development. We have no information as to whether any develop- 
^ Ann. Sci. Nat. Zool. (4) v. 1866, p. 227. 
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ment goes on in these individuals after the state of royalty is 
assumed, or whether the differences between these neoteinic queens 
are due to the state of develojinient they may liappen to l>e in 
when adopted as royalties. Kings are not usually present in 
these Sicilian nests; twice only has Grassi found a king, but 



Fiq. 231.—Some of the forms of Tertnts Indfugus, 1, Young larva : 2, a«hi]t worker ; 
3, solilier ; 4, young complementary queen ; 5, older substitution queen ; r>, jko- 
feot wuiged Insect. (After Gnussi.) 

he thinks that had he Ikhmi able to search in the months of 
August and Septemlx?r he would then have h>und kings. It 
would appear therefore that the complementary kings die, or are 
killed after they have fertilised the femalea rarthenogeuesis 
is not thought to occur, as Grassi has found the spermathecae of 
the complementary (pieeiis to contain sjxjnnatozoa. 
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The i)eriod of development apparently occupies from eighteen 
to twenty-three months. At intervals swarms of a great number 
of winged individuals leave the nest, and are usually piomptly 
eaten up by various animals. After swarming, the wings are 
thrown off, and sometimes two specimens or three may be seen 
running off together; this has been supposed to he preliminary 
to pairing, but Grassi says this is not the case, but that the 
object is to obtain their favourite food, as we shall mention 
subsequently. 

Although these are the usual habits of Termes liuifugus at 
present in Sicily, it must not be concluded that tliey are invari¬ 
able ; W’e have in fact evidence to the contrary. Grassi has 
himself been able to procure in confinement a colony—or rather 
the commencement of one—accomi)anied l)y a tru(3 royal pair; 
while Perris has recorded ^ that in the I^ndes he frequently 
found a royal pair of T. huifugus under chips; they were 
accompanied in nearly every ease by a few eggs. And Professor 
Perez has rectmtly placed a winged pair of tliis specdes in a box 
with some wood, with the result that after some months a young 
colony has been founded. It appears probable therefore that 
this species at times establishes new colonies by means of royal 
pairs derived from wunged individuals, but after their estaldish- 
ment maintains such colonies as long as possible by means of 
complementary queens^ It is far from improbable that distinc¬ 
tions as to the use of true and complementary royalties may be 
to some extent due to climatic conditions. In some localities 
T, lucifugus has multiplied to such an extent as to l>e very 
injurious, while in others where it is found it has never been 
known to do so. 

The Termitidae of Africa are the most remarkable that have 
yet been discovered, and it is probably on that continent that the 
results of the Terrnitid economy have reached their climax. Our 
knowledge of the Termites of tropical Africa is chiefly due to 
Smeathman, who has described the habits of several B|)ecie8,* 
among them T, hellicosits. It is more than a century since 
Smeathman travelled in Africa and read an account of the 
Termites to the Eoyal Society.* His information was the first 
of any importance about Termitidae that was given to the 
world; it is, as may be well imderstood, deficient in many 
* Ann, Soe, ent, France (5), vi. 1876, p. 201. * Phil, Trane, Ixxi. 1781, pp. 139-102. 





Fia. 232.—Royal cell of Termer Mlicosm, partially broken oijon to show the qnwn and her attendants. (After Snieatlnnan.) B, Antenna 
of the queen ; A, A, line of entrance.s to the cell; A, A, an entrance, in this line, closed by the Termites, x J. 
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details, but is nevertheless of great value. Though his state¬ 
ments have been doubted they are trutliful, and have been 
confirmed by Savage.^ T. beliicosus forms buildings compar¬ 
able to human dwellings; some of them being twenty feet in 
height and of great solidity. In some parts of West Africa 
these nests were, in Smeatliman’s time, so iiumerous that tluy 
had the appearance of villages. Each nest was the centre of 
a community of countlewss numbers of individuals; subter¬ 
ranean passiiges extended from them in various directions. The 
variety of forms in one of the.se communities has not l>een wxdl 
ascertained, but it would seem tliat the division of labour is 
carried to a great extent. The soldiers are fifteen times the size 
of the workers. The community is de])(mdent on one royal 
couple. It is the opinion of the natives that if that couple j>erish 
so also does the community; and if this be correct we may 
conclude that this species has ni»t a perfec't sysUau of replacing 
royal couples. The queen attains an almost incnnlible size 
and fertility. Smeathman noticed the great and gradual growth 
of the abdomen, and says it enlarges ‘'to such an enormous size 
that an old (pieen will have it increased so as to be fifteen 
hundred or two thousand times the bulk of the rest of luu‘ body, 
and twenty or thirty tliousand times the bulk r)f a lal>ourer, as 
I have found by carefully weighing and computing the different 
states.” He also describes tlie rate at whic*h the eggs are ])ro- 
duced, saying that tliere is a constant peristaltic movement of 
the abdomen, " so that one part or other alternately is rising 
and sinking in periH‘tual succes.sion, and the matrix seems never 
at rest, but is always protruding eggs to the amount (as 1 
have frequently counted in old queens) of sixty in a minute, or 
eighty thoimnd and upward in one day of twtuity-four hours.” 

This observer, after giving an account of tlie great swarms of 
perfect winged Insects that are produced by this aptK'ies, and after 
describing the avidity with which they are devoured by the 
Hymenopterous ants and other creatures, adds: “ I have discoursed 
with several gentlemen upon the taste of the white ants; and on 
comparing notes we have always agreed that they are most 

* Ann. Nat. Hist. (2) v. 1850, p. 92. 

* Dr. G. D. Haviland iiifomis the writer that he thinks it i»robal)le this so-called 
jieristaltic movement is merely the result of alarm; he has not, however, had any 
opportunity of observing T. hdlicosua. 
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delicious and delicate eating. One gentleman compared them to 
sugared marrow, another to sugared cream and a paste of sweet 
almonds.” 

From the preceding brief sketch of some Termitidae we may 
gather the chief points of importance in which they differ from 
other Insects, viz. (1) the existence in tlie community of in¬ 
dividuals—workers and soldiers—wliich do not resemble their 
parents; (2) the limitation of the reproductive power to a single 
pair, or to a small numljer of individuals in each community, and 
the prolongation of the terminal period of life. There are other 
S(Xiial Insects besides Termitidae: indeed, the majority of social 
Insects—ants, l»ees, and wasps—belong to the Order Ilymen- 
optera, and it is interesting to note that analogous phenomena 
CHMUir in them, but nevertheless with such gn^at differences that 
the social life of Termites must be considered as totally distinct 
from that of the true ants and other swial Hymenoptera. 

Development. —Social Insects are very different to others not 
only in the fact of their living in scxdety, b\it in res]K?ct of 
iMCuliarities in the mode of reproduction, and in the variety of 
habits displayed by memlHU*s of a community. The greatest 
confusion has arisen in reference to Termitidae in conse(|uence 
of the phenomena of their lives having l)een assumed to Ih> 
simihir to those of Hymenoptera; but the two cases are very 
different, Hymenoptera passing the early parts of their lives as 
helpless maggots, and then undergoing a sudden metamorphosis to. 
a totiilly changed condition of structure, intelligence, and instinct. 

The develo]>ment of what we may hwk on as the normal form 
of Termitidae—that is, the winged Insects male and female—is 
oil the whole similar to that we have sketched in Orthoptera; the 
development in wirwigs Ixung jierhaps the most similar. The 
individuals of Termitidae arc, however, in the majority of castes 
if not in all, born without eyes; the wing-rudiments develop 
from the thoracic terga as shorter or longer lol^es according to 
the degree of maturity; as in the earwigs the numlK'r of joints 
in the antennae increases as development advances. All the young 
are, when hatched, alike, the differences of caste apjH.^aring in the 
course of the subsecpient development; the most important of 
these differences are those that result in the production of two 
special classes—only met with in social Insects—viz. worker 
and soldier. Of these the workers are individuals whose develop- 

VOL. V > 2 n 
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ment is arrested, the sexual organs not going on to their full 
development, while other organs, such as the eyes, also remain 
undeveloped; the alimentary canal and its adjuncts occupy nearly 
the whole of the abdominal cavity. The adult worker greatly 
resembles—except in size—the young. Grassi considers that the 
worker is not a case of simple arrest of development, but that 
some deviation accompanies the arrest. 

The soldier also suffers an arrest of development in certain 
respects similar to the worker; but the soldier differs in the im¬ 
portant fact that the arrest of the development of certain parts 
is correlative with an extraordinary development of the head, 
which ultimately differs greatly from those of either the worker 
or of the sexual males and females. 


A 


Soldier. —All the parts of the head of the soldier undergo a 




greater or less change of form; even 
the pieces at its l»fise, which connect 
it by means of the cervical sclerites 
with the prothorax, are altered. The 



parts that undeigo the greatest modi¬ 
fication are the mandibles (Fig. 2.S3, 
B); these become much enlargcal in size 
and so much chang(*d in form that in 
a great many sjx^cies no resemblance 
to the original shajK} of thestj organs 
can be traced. It is a curious fact that 



the specific characters are l)etterexpressed 
in these su[)eriiiduced modifications than 
they are in any other part of the 
organisation (except, iKuhaps, the wings). 
The soldiers are not alike in any two 
species of Termitidae so far as we 
know, and it seems impossible to ascril)e 
the differences that exist l>etween the 


Fio. 238.-The pair, of nmu.ii- soOiers of diffei-ent species of Termitidae. 

bi<w of different winit iinii- to Special adaption for the work they 
viduals of Termes sp. from | . « « i * 

Singapore. A, Of worker ; “^^e to perform. Such a suggestion IS 


>• B, of BoWier ; c, of winge<l justifiable only ill the case of the Nasuti 
male , D, of winged female, I ), where the front of the head 


is prolonged into point: a duct opens at the extremity of 


this point, from which is exuded a fluid that serves as a cement for 
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constructing the nest, and is perhaps also used to disfihle enemies. 
Hence tlie prolongation and form of the head of these Nasuti may 
be fairly described as adaptation to useful ends. As regards the 
great variety exhibited by other soldiers—and their variety is 
much greater than it is in the Nasuti—it seems at present im¬ 
possible to treat it as being cases of special adaptations for useful 
puiposes. On the wliole it would l)e more correct to say 



Fi«. 234.—Soldiers of different species of Termites. (After Hagen.) 1, Temies armiger; 
2, r. (iirus; 3, Ciilolerme^ Jiax'icoilis; 4, T, Mlicosus; 5, 7*. occufentis; 6, T, 
cingulaius ij) ; 7, Hudi^ermea gucuiricoUU {1); 8, T,debUis{1), Brazil. 

that the soldiers are very dissimilar in spite of their having to 
perform similar work, than to state that they arc dissimilar in 
conformity with the diflerent tasks they cai’ry on. 

The Termite soldier is a phenomenon to which it is difficult 
to find a parallel among Insects. The soldier in the true ants 
is usually not definitely distinguished from the worker, but it is 
possible that in the leaf-cutting ants, the so-called soldier may 
prove to be more similar in its natui-e to 'the Termite soldier. 
The soldiers of any one species of Termite are apparently ex- 
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tremely similar to one another, and there are no intermediates 
between them and the other forms, except in the stages of 
differentiation. But we must recollect that but little is yet 
known of the full liistory of any Termite community, and it is 
possible that soldiers which in the stage of differentiation promise 
to be unsiitisfactory may he killed and eaten,—indeed there is some 
evidence to this effect. There is too in certain cases some difference 
—larger or smaller size being the most important—between the 
soldiers of one species, which may possibly l)e due to the different 
stage of development at which their differentiation commenced. 

It would at present apj)ear that, notwithstanding the remark¬ 
able difference in structure of the soldiers and workers of the 
white ants, there is not a coiTesponding difference of instinct. 
It is true that soldiers do more of certain things than workers 
do, and less of others, but this appears to be due solely to their 
possession of such very different structures; and we are rej>eatedly 
informed by (Irassi that all the individuals in a community take 
part, so far as they are able, in any work that is going on, find 
we find also in the works of other writers accounts of soldiers 
performing acts that one would not have expe(‘ted from them. 
Tlie soldiers are not such effective combatants Jis the workers are. 
Dudley and Beaumont indeed describe the soldiers as merely look¬ 
ing on while the workers fight.^ So that we are entitled to con¬ 
clude that the actions of the soldiei’s, in so far as they differ from 
those of the rest of the community, do so because of the different 
organisation and structures of these individuals. We shall, when 
8i)eaking of food, point out that the condition of the soldier in 
relation to food and hunger is jirobably different from th.at of 
the other forms. 

Various Forms of a Community. —The soldiers and workers 
are not the only anomalous forms found in Termitid communi¬ 
ties ; indeed on examining a large nest a variety of forms may 
be found that is almost l)ewildering. Tables have lx?en drawn 
up by Grass! and others showing that as many as fifteen kind» 
may l)e found, and most of them may under certain circumstances 
coexist. Such tables do not represent the results of actual 
Examination in any one case, and they by no means ade¬ 
quately represent the number that, according to the most recent 
observations of Grassi, may be i)resent; but we give one taken 
* Tr. N. York Ac. viii. 1889, pp, 85-114; and ix. 1890, pp. 157-180. 
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from Grassi, as it conveys some idea of the numerous forms that 
exist in certain communities. In this table the arrangement, 
according to A, B, C, I), E, represents successive stages of the 
development:— 


F<mm of Tcrmcs lurifvfjus. (After Grassi.) Zool. Anz. xii. 1889, p. 360. 


1. Young, tin<liffereittiat<Hl larvae. 

I_ 


2. Ijarvae that will 3. Larvae that will 4. Reserves for royal apc'cimens: 

not iiiutiire the sexual mature the sexual (only present when 14, 15, and 11 

organs. organs. are want ing, or wIkmi 1 4 and 15 are 

I I present in insnttieient numbers). 

__ I__I_ 


5. larvae of 
soldiers. 


7. Soidiens. 


C. r.arvae of 
workers. 


8. Workers. 


y. Nymphs of the 
first form. 


I 

10. Nymphs of 
the second form. 


I 

12. Winged 
Insects. 

I 

14. True royal 
couple. 


13. Reserve 
royal pairs? 

15. Substitution 
royal i»air.s. 


11. Reserves for 
royal tjairs (only 
jjreseiit when 14, 
15, and 4 are want¬ 
ing, or when the 
two latter are 
present in insutli- 
cient numbers). 


Oil inspecting this tables it will be perceived that the variety of 
forms is due to three circumstances—(1) the existence of castes 
tliat are not present in ordinary Insects; (2) the coexistence of 
young, of adolescents, and of adults; and (3) the habit the Termites 
have of tampering with forms in their intermediate stages, tlie 
result of whicli may he the substitution of neoteinic individuals in 
place of winged forms. 

This latter procedure is fiir from lieing completely understood, 
but to it are probably due the various abnormal forms, such as 
soldiers with rudiments of wings, that have from time to time 
lieen discovered in Termite communities, and have given rise to 
much i^erplexity. 

In connexion with this subject we may c<all attention to the 
necessity, when examining Termite nests, of taking cognisance 
of the fiict that more than one sjiecies may be present. Bates 
found different Termites living together in the Amazons Valley, 
and Mr. Haviland has found as many as five species of Termitidae 
and three of true ants in a single mound in South Africa. In 
this latter C4ise observation showed that, though in such close 
proximity, there was hut little further intimacy l>etween the 
species. There are, however, true impiiline, or guest, Termites, 
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of the genus EutermeSy found in various parts of the world living 
in the nests of other Termitidae. 

Origin of the Forms. —The interest attaching to the various 
forms that exist in Termites, more particularly to the worker and 
soldier, is evident when we recollect that these never, so far as 
we know, produce young. In the social Hymenoptera it has 
been ascertained that the so-called neuters (which in these 
Insects are always females) can, and occasionally do, jiroduce 
young, but in the case of the Termites it has never been sug¬ 
gested that the sexual organs of the workers and soldiers, wliether 
male or female, ever become fruitful; moreover, the phenomena 
of the production of young ])y the white ants are of such a nature 
as to render it in the highest degree improbable that either 
workers or soldiers ever take any direct part in it. Now the 
soldier is extremely different from the sexual individuals that 
produce the young, and seeing that its peculiarities are not, in 
the ordinary sense of the word, hereditary, it must he of great 
interest to ascertain how they arise. 

Before stating the little information we possess on this sub¬ 
ject, it is necessary to reiterate wliat we liave already siiid to the 
effect that the soldiers and workers are not special to either sex, 
and that all the young are l)orn alike. It would be very natural 
to interpret the phenomena by supposing the workers to be 
females arrested in their development—as is the Ciise in social 
Hymenoptera—and by supposing the soldiers to be males with 
arrested and diverted development. 

The observations already made show that this is not the case. 
It has been thoroughly well ascertained by I^espes and Fritz Miiller 
that in various species of Calotermes the soldiers are both males 
and females. Le.spes and Grassi have shown that the workers of 
Termes lucifugus are of male and female sex, and that this is 
ako true of the soldiers. Although the view of the duality of 
the sexes of these forms was received at first with incredulity, it 
appears to be Ixjyond doubt correct. Grassi adds that in all the 
individuals of the workers and soldiers of I'ermes lucifugus tlie 
sexual organs, either male or female, are present, and that they 
arb in the same sttige of development whatever the age of the 
individual. This statement of Grassi's is of importance because 
it seems to render improbable the view that the difference of form 
of the soldier and worker arises from the arrest of the develop- 
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ment of their sexual organs at different jjeriods. The fact that 
sex has nothing whatever to do with the determination of the 
form of workers and soldiers may Ije considered to Ije well 
established. 

The statement that the young are all born alike is much 
more difficult to substantiate. Bates said that the various forms 
could be detected in the new-born. His statement was made, 
however, merely from inspection of the nests of species about 
whicli nothing was previously known, and as it is then very 
difficult to decide that a specimen is newly hatched, it is probable 
that all he meant was that the distinction of workers, soldiers, 
and sexual forms existed in very small individuals—a statement 
tliat is no doubt correct. Other observers agree that the young 
are in appearance all alike when hatched, and Grassi reiterates his 
statement to this effect. Hence it would apj>ear that tlie differ¬ 
ence of form we are discussing arises from some treatment subse¬ 
quent to hatcliing. It may be suggested, notwithstanding the 
fa(*t that the young are appjirently alike when hatched, that they 
are not really so, but that there are rec*endite differences which are 
in the course of development rendered conspicuous. This con¬ 
clusion C4innot at present l>e said with certainty to he out of the 
question, but it is lendered highly improbalde by the fact 
ascertained by (irassi tliat a siiecimen that is already tar advanced 
on the road to being an ordinary winged individual can be diverted 
from its evident destination and made into a soldier, the wings 
that were partially devehqied in such a case being afterwards 
more or less comjiletely absorl>ed. This, as well as other facts 
observed by Grassi, render it jirolmble that the young are truly, 
as well as appanmtly, born in a state undifferentiated except as 
legards sex. Fig. 230 (p. 303) is designed to illustrate Grassis 
view as to this modification; the individual A is already far 
advanced in the dinx’tiou of the winged form C, but can never¬ 
theless bi^ diverted by the Termites to form the adult soldier B. 

According to the facts w'^e have stated, neither heredity nor 
sex nor arrest of development are the causes of the distinctions 
between worker and soldier, though some arrest of development is 
(•.ommon to Ixith; we are therefore oViliged to attribute the dis¬ 
tinction between them to other influences. Grassi has no 
hesitation in attributing the anatomical distinctions that arise 
lietweeu the soldiers, workei-s, and winged forms to alimentation. 
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Food, or the mode of feeding, or both combined, are, according 
to the Italian naturalist, tlie source of all tlie distinctions, 
except those of sex, that we see in the forms of any one species 
of Termite. 

Feeding. —Sucli knowledge as we possess of the food-habits 
of Termitidae is chiefly due to Grassi; it is of the very greatest 
importance, as giving a clue to much that was previously obscure 
in the Natural History of these extraordinary creatures. 

In the abodes of the Termites, notwithstanding the enormous 
numl)ers of individuals, cleanliness prevails; the mode by which 
it is attained appears to Ije that of eating all refuse matter. 
Hence the alimentary canal in Termitidae contains material of 
various conditions of nutritiveness. These Insects eat their ciist 
skins and the dead l)odies of individuals of the community ; even 
the material that has passed through the alimentary canal is 
eaten again, until, as we may presume, it has no further nutritive 
power. The matter is then used for the construction of their 
habitations or galleries, or is carried to some unfrecpiented j)art 
of the nest, or is voided by the \vorkers outside of the nests; 
the pellets of frass, ix, alimentary rejectamenta, formed by 
the workers frequently betraying their presence in buildings 
when none of the Insects themselves are to be seen. The 
aliments of Calotermes Jlavicollis are stated by Grassi and 
Sandias to be as follows: (1) wood; (2) material passed 
from the posterior part of the alimentary canal or regurgi¬ 
tated from the anterior jiart; (3) the matter shed during 
the moults; (4) the bodies of other individuals; (5) the 
secretion of their own salivary glands or that of their fellows; 
(6) water. Of these the favourite food is the matter passed 
from the posterior part of the alimentary canal. We will si)eak of 
this as proctodaeal food. When a Calotermes wishes food it strokes 
the posterior part of another individual with tlie antennae and 
palpi, and the creature thus solicited yields, if it can, some 
proctodaeal food, which is then devoured. Yielding the pi-octcxlaeal 
food is apparently a reflex action, as it can be imUiced by friction 
and slight pressure of the abdomen with a small brush. The 
material yielded by the anterior part of the alimentary canal may 
be called stomodaeal product. It makes its appearance in the 
mouth in the form of a microscopic globule that goes on in¬ 
creasing in size till about one millimetre in diameter, when it is 
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eitlier used for building or as food for another individual The 
mode of eating the eedysial products has also bcjen descrited by 
Grassi and Sandias. When an individual is sick or disabled it 
is frequently eaten alive. It would ap^)ear that the soldiers are 
great agents in this latter event, and it should Ije noticed that 
owing to their great heads and mandibles they can obtain food by 
other means only with difficulty. Since they are scarcely able to 
gnaw wood, or to obtain the proctodaeal and stomodaeal foods, 
their condition may be considered to 1x5 that of j)ermanent 
hunger, only to be allayed by carnivorous proceedings. When 
thrown into a condition of excitement the soldiers sometimes 
exhibit a sort of Calotermiticidal mania, destroying with a few 
strokes five or six of their fellows. It is, however, only projier to 
say that these strokes are made at random, the creature having 
no eyes. The carnivorous i)ropensities of Calotermes are ap- 
j)arently limited to cannibalism, as they slaughter other white 
ants {Termfs Incifitgus) but never eat them. 

The salivary food is wliite and of alkaline nature; when 
excreted it makes its api^arance on the upper lip. It is used 
either by other individuals or by the sjxKumeu that produced 
it; in the latter case it is transferred to the lower lip and 
swallowed by several visible efforts of deglutition. The aliments 
we have mentioned are made use of to a greater or less extent by 
all the individuals except the very young; these are nourished 
only by saliva: they commence taking proctodtaeal and stomo¬ 
daeal food before they can eat triturated wood. 

Royal Pairs. —The restriction of the reproductive powers of 
a community to a single piir (or to a very restricted number of 
individuals) oc*curs in all the forms of social Insects, and in 
all of tlunn it is concomitant with a prolongation of tlie repro¬ 
ductive period far exceeding what is natural in Insects. We are 
not in a position at present to say to what extent the lives of the 
fertile females of Terniitidae are prolonged, there being great diffi¬ 
culties in the way of observing these Insects for long periods owing 
to their mode of life ; living, as they do, concealed from view, light 
and disturbance appear to be prejudicial to them. We have every 
reason to l)elieve, however, that the prolongation extends as a 
rule over several years, and that it is much greater than that of 
the other individuals of the community, although the lives of 
oven these latter are longer than is usual in Insects: but this 
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point is not yet satisfactorily ascertained. As regards the males 
there is i*eason to think that considerable variety as to longevity 
prevails. But the belief is that the royal males of Termitidae also 
form an exception to other Insects in the prolongation of the 
terminal periods of their lives. In Hyinenoptera, male in¬ 
dividuals are profusely produced, but their lives are short, and 
their sole duty is the continuation of the si)ecies by a single 

act. We have seen that 
Grassi is of opinion that 
a similar condition of 
affairs exists at present 
with Termes htcifugus in 
Sicily, but witli this ex¬ 
ception it has always l)een 
considered that the life 
of the king Termite is, 
roughly speaking, con- 
ttmiporaneous with that 
of the queen ; it is said 
tliat in certain spc^cies the 
king increases in bulk, 
though not to an extent 
that am Ije at all com¬ 
pared with the queen. 

It must be admitted 
that tlie duration of life 
of the king lais not l)een 
surtieiently establislied,for 
the coexistence of a king 
with a queen in the 
royal cell is not incon¬ 
sistent with the life of the king l)eing sliort, and with his replace¬ 
ment by another. Much that is imaginary exists in the litera¬ 
ture respecting Termites, and it is possible that the life of the 
king may prove to be not so prolonged as has l^een assumed. 

Eeturning to the sul) ject of the limitation of the reproduction 
of the community to a single pair, we may remark that a priori 
one would suppose such a limitation to be excessively unfavour¬ 
able to the continuation of the species; and as it nevertheless is 
the fact that this feature is almost, if not quite, without exception 



Flo. 235.—Royal pair of Termes malayanus from 
Singapore, taken out of royal cell. A, A, King, 
lateral and dorsal views ; B, B, (pieen, ilorsal and 
lateral views. Natural sizes. 
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in Insect societies, we may conclude tliat it is for some reason 
absolutely essential to Insect social life. It is true that there 
are in Termitidae certain partial exceptions, and tliese are so 
interesting that we may briefly note them. When a royal cell is 
opened it usually contains but a single female and male, and 
when a community in which royal cells are not usckI is inspected 
it is usually found tliat here also there are present only a single 
fertile female and a single king. Occasionally, however, it 
hai)pens that numerous females are present, and it has Ijeen 
noticed that in such cases they are not fully matured females, l}ut 
are imjH^rfect, the condition of the wings and the form of the 
anterior parts of the body being that of adolescent, not adult 
Insects. It will l)e rcM3ollected that the activity of a community 
of Termites centres round the great fertility of tlie female ; 
without her the whole community is, as Grassi grapliically i)uts 
it, orphaned; and the observations of the Italian naturalist 
make it clear that these imperfect royalties are substitution 
(pieens, derived from specimens that have not undergone tlie 
natural development, but have lK-‘en brouglit into use to meet the 
calamity of orphanage of the community. Tlie Termites appar¬ 
ently liave the power of eitlier clieckingor stimulating the reproduc¬ 
tive organs apart from other organs of the Ixjdy, and they appear to 
keep a certain numljer of individuals in such a condition that in case 
of anything going wrong with the queen, the reserves may be brought 
as soon as possible into a state of reproductive activity. The in¬ 
dividuals that arc in such a condition that they can liecome pseudo¬ 
royalties are called complementary or resc»rve royalties, and when 
actually brought into use they Inicome substitution royalties. It 
is not at present quite clcixr why the substitution royalties should Ikj 
in such excess of n\iml)ers as we have stated they were in the case 
we have figured (Fig. 236), but it may In? due to the fact that when 
the jHxwer of the community is at a certain caimeity for supporting 
young a single substitution royalty w’ould not supply the mpiisite 
producing power, and consequently the community adopts a 
greiiter numl)er of the substitution forms. Termites are utterly 
regjirdless of the individual lives of the members of the community, 
and when the re.})roductive powers of the company of substitution 
royalties InKiome too grejit, then their numl)er is reduced by the 
effective method of killing and eating them. 

According to Grassi’s observations, the communities of Termes 
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Incif ugus are now kept up in Sicily 



Fig. 236. — Pair of neoteiiiic royalties, taken 
from the royal chanilMjr of Term4>8 mirahUis 
at SiiigajKjre by Mr. G. 1). Havilantl. The 
queen was one of thirteen, all in a nearly 
similar state. A, king ; B. C, queen. 


almost entirely by substitution 
royalties; the inference being 
that the age of each com¬ 
munity has gone beyond the 
capacity for life of any single 
royal (lueen. 

The substitution royal¬ 
ties are, as we have said, 
called neotcdnic (i/eov, youth¬ 
ful, retW, to Ixilong to), lie- 
cause, tliough they carry on 
the functions of adult Insects, 
they retain the juvenile con¬ 
dition in certain respects, 
and ultimately die without 
having completed the normal 
development. The pheno¬ 
menon is not quite peculiar 
to Insects, but occurs in 
some other animals having 
a well - marked nietamor- 
pliosis, notably in the Mexi¬ 
can Axolotl.^ 


A jioint of great importance in connexion with the neoteiiiic 
royalties is that they are not obtained from the instar im¬ 
mediately preceding the adult state, Imt are made from Insects 
in an earlier stage of development. The condition immediately 
preceding the adult state is that of a nymph with long wing- 
pads ; such specimens are not made into neoteiiiic royalties, but 
nymphs of an earlier stage, or even larvae, are preferred. It is 
apjiarently by an interference with one of these earlier stages of 
development that the “ nymphs of the second form,” which have 
for long lieen an enigma to zoologists, are produced. 

Post-metamorphic Growth. —The increase of the fertility -of 
the royal female is accompanied by remarkable phenomena of 
growth. rost-metamoi*phic growth is a phenomenon almost 
unknown in Insect life, except in these Termitidae; distension 
not infre<iuently occurs to a certain extent in other Insects, and 


* Camerauo, Bull, Soc, cut, Ital, xvii. 1885, p. 89 ; ai^d Kollmann, Verh, Oea. 
Basely vii. 1883, p. 391. 
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is usually due to the growth of eggs inside the body, or to the 
repletion of other parts. But in Terrnitidae there exists post- 
inetairiorphic growth of an extensive and complex nature; this 
growth does not affect tlie sclerites (i.e. the hard chitinous parts 
of the exo-skeleton), wliich remain of the size they were when tlie 
post-metamorphic growth commenced, and are consetpiently mere 
islands in the distended abdomen (Fig. 236, B, C). The growth 
is chiefly due to a great increase in numl)er and size of the egg- 
tul)es, but there is bidieved to be a correlative increase of various 
other parts of the abdominal as distinguished from the anterior 
regions of the body. A sketch of the distinctions existing 
between a female of a species at the time of coniYJletioii 
of the metamorphosis and at the period of maximum fertility 
does not ap]K?ar to have l)een yet m<ade. 

New Communities. —The progress of knowledge in respect of 
Terrnitidae is bringing to light a quite unexpected diversity of 
habits and constitution. Hence it is premature to generalise on 
im|)ortant matters, l)ut we may refer to certain points that 
have been ascertained in connexion with the formation of new 
communitie.s. The duration of particular communities and the 
modes in which new ones are founded are still very obscure. 
It was formerly considcRHl that swarming took place in 
ord(‘r to increase the number of communities, and likewise for 
ju’omoting crossing between the individuals of diflerent com¬ 
munities. (irassi, however, finds as the result of his prolonged 
observations on JVnnes lucifvtjKs that the swarms have no further 
resvdt than tliat the individuals composing them are eaten up. 
And Fritz Muller states ^ that in the etise of the great majority 
of forms known to him the founding of a colony by means 
of a pair fi-om a swarm would Ih 3 just al>out as practicable 
as to establi.sh a now colony of human Ixungs by placing a 
couple of newly-born hahes on an uninhabited island. It was 
also thought that pairs, after swarming, re-entered the nests 
and l)ecame royal couples. It does not, however, appear that 
any one is able to produce evidence of such an occuri'enee. The 
account given by Smeathman of the election of a royal couple 
of 7Wmes heHicostis is inn>erfect, as, indeed, has already l>een 
IK)inted out by Hagen. It suggests, however, that a winged 
pair after leaving the nest do again enter it to become king 
^ Jauu Zeitschr, Katurw, vii. 1873, p. 458. 
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and queen. The huge edifices of this species described by 
Smeathman are clearly the result of many years of labour, and at 
present substitution royalties are not known to occur in them, 
so that it is not improbable Smeathman may prove to be correct 
even on this point, and that in the case of some species mature 
individuals may re-enter the nest after swarming and may become 
royal couples. On the whole, however, it appears probable that 
communities of long standing are kept up by the substitution 
royalty system, and that new communities when established are 
usually founded by a pair from a swarm, whieli at fii*st are not 
in that completely hel})less condition to which they come when 
they afterwards reach tlie st^ite of so-called royalty. (Jrassi’s 
observations as to the sources of food reuKjve in fact one of the 
difficulties that existed previously in regard to the founding of 
new colonies, for we now know that a couple may possibly l)ear 
with them a sufficient supply of proctodaeal and stomodaeal 
aliment to last them till workers are hatched to feed them, and 
till soldiers are develo]>ed and the community gradually assumes 
a complex condition. Professor Perez luus recently obtained ' the 
early stages of a community from a winged ]>air after they had 
IxHui placed in captivity, unattended by workers. Miiller's 
observation, previously quoted, is no doubt correct in relation 
to the complete helplessness of royal ])airs after they have 
been such for some time; but that helplessness is itself only 
gradually acquired by the royal pair, who at first are able to 
shift for themselves, and produce a few workers without any 
assistance. 

Anomalous Forms. —Muller has described a Calotermes under 
the name of C. rugoms, which is interesting on account of the 
peculiar form of the young laiva, and of the changes by which 
it subsequently becomes similar in form to other species of the 
genus. We represent the development of this larva in Fig. 
237. We may call attention to the fact that this figure illus¬ 
trates the large size of the paunch, which is so extraordinary 
in some of the states of the Termitidae. 

It will be recollected that the genus Calotermes is destitute 
>'of workers. There is another genus, Anoj)lot€rm€8, in which the 
reverse condition prevails, and the soldier is absent; tliis is the 
only case yet known in which such a state of uffiairs exists. 

» CJt, Ae, raHs, cxix. 1894, p. 804. 
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The si)ecies is called A, pacificua by Fritz Muller; it differs from 
other Termitidae in possessing a proventriculus destitute of tritu¬ 
rating ridges. The nests of this six^cies are utilised by a little 
Eutermes (E, inquilinus Muller) for its own advantage; whether 
by first destroying the Anoplotermes or wliether by merely taking 
possession of the nests abandoned by their owners is not known. 
It is a most remarkable fact 
that the Eutermes resembles v / \ / 

the Anoplotermes so ex- Vjf- 

tremely that the two can 

scarcely Ik? distinguished, . 

though anatomically they are ^ 

(|uite different. The resem- | j [ j 

blance is indeed .so great that 

it deceived Von Jhering into 

supposing that the two genera 

were alternate generations of a b 

single sptKiu^s, one generation "" jrr^ t j ^ 

possc‘S.sing .soldiers, the other [y/L M 

lx»ing without them. Subse- 

(piently, by anatomical inves- 


tigation, 


recognised 


eiTor into wllich lie had fallen 237.—Clmuges in external form of the 

young larva ol Ca/otermes rjo/o.sw.<f. A, 


-an error that, under such Newly hauheil with nine joints in an- 

Tieculiar circumstances, was x 8 ; B, oUler larva with ten 

^ ' joints, X 8 ; C, next stage with eleven 

C[uite pardonable. joints ^ 3 *> larva with twelve joints ; 

H„g„u te • ti,„t ;;; 

Jlodotermes japonic us ne\er stonmeh : K i>aniKh; S intestine; r, 

duces winged forms. It is, how- “ ^ 

ever, now known that this suppo.sed Termite is really an earwig. 

Marching and Harvesting Termites. —Smeathman alluded 
to a remarkable Termes seen by him in Africa, giving it the 
name of T, viarum. Nothing further is known of this Insec^t, 
which, according to Smeathman’s account, may possibly lie the 
most remarkable of the family. T, viarum is said to be larger 
than 2\ bellicosus, and wtis discovered issuing in large numl>ers 
from a hole in the ground and maivliing in columns consisting 
of workers directed by soldiers of enormous size, some of whom 


^ Congr. infernaL Zool. ii. 1892, pt. i. p. 249. 
* J\ Boston Hoc, xi. 1808, p. 399. 
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climbed up plants and gave audible signals to the army, which 
immediately responded with a hissing noise and by increasing 
their pace with the utmost hurry; they continued marching by 
the spot where Smeathman observed them for upwards of an 
hour. He was not able to find their nests, and no specimens have 
been preserved; both soldiers and workers possessed eyes. March¬ 
ing in this way by daylight is contrary to the nature of ordinary 
Termites, and some doubt has existed as to the correctness of 
Smeathman’s observation, whicli has in fact remained for upwards 
of a century without confirmation. 

Mr. Ct. D. Havilaiid has, however, this year discovered in 
Natal a Termite wliich shows tliat there are species in Africa 
of the kind described by Smeathman, tlie workers and soldiers 
l)eing possesstid of facetted eyes. Mi. Haviland states that the 
workers of this species issue from holes in the ground during the 




heat of the day and 
cut grass both dead 
and green. They 
carry it, in lengths 
of about two inches, 
to the mouths of 
the holes, often 
leaving it there and 
going at once to 
flitch more. Under 
acacia bushes they 
carry acacia leaflets 

as well as grass. In 
Fio. 238.—Eved, grass-cutting Termite,» 
A. soldier ; B. worker. South Africa. In life the head niKKllt 01 lilt 

is carried horizontaUy, so the piece of grass sticks up like day more grass ac- 
a flag-i>ole. Cumulates at the 


entrance to the holes than can lie taken in, but as the heat of 
the day diminishes the workers cease to forage and take in the 
accumulation. When the grass is all in they sometimes close 
the mouth of the hole with moistened pellets of earth brought 
in their mouths. The soldiers remain in the holes; when dis¬ 
turbed they jerk themselves like soldiers of other species to 
frighten away the intruder; when they bite, their grip is very 
tenacious. The holes are about ^ of an inch in diameter, and 
there are usually several of them a few yards apart; around each 
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of them is a patch over which the grass has l>eeii cut (j[uite 
short, Mr, Haviland followed these holes by digging for a 
distance of 20 feet and to a depth of 5^ feet; tliey remain 
uniform in size except that near the entrance there may 
be one or two chambers in which the grass is temporarily 
stored, but these do not hold more than would be collected 
in an liour or two. As tlie burrow descends it is occa¬ 
sionally joined by another, and at the j)oint of junction there 
is usually a considerable widening. Sometimes they run straight 
for 6 or 7 feet, sometimes they curve abruptly, sometimes they are 
nearly horizontal, but near tfie mouth may be almost vertical in 
direction. Tlie.se Termites are very h>cal, but the specimens are 
numerous wdien found. Mr. Haviland dug for these Insects at 
two pliices on the Tugela river, one of them being at Colenso. It 
is much to lie regretted that he was unable to reach tlie nest. 
We tigiire a soldier selected from sjiecimens sent hy Mr. Haviland 
to the Cambridge University Museum. This Insect is apparently 
much smaller than Snu^athman’s 7\ viarunu Other species of 
Termitidae have l)een descrilied' as forming underground tunnels 
in Africii, but none of the species have yet been satisfactorily 
identified. 

It was stated by Smeathman that some species of Termites 
had chainliers in their habitations in which grew a kind of fungus 
uscmI by the Insects for f(X)d; Mr. Haviland is able to lontirm 
Smeathman in this particidur; he having found fungus-cliaml)ers 
in the nests of more than one si>ecies iKith in Singapoi-e and 
South Africa (Fig, 240). 

Habitations, —In nothing do Tennites differ more tiian in 
the habitations they form. Sometimes, as we have mentioned in 
the case of Calotrnnes, thei'e is no real structure formed; only a 
few barriers being ertxjted in burrows or natural hollows in wood. 
In other cases very extensive structures are formed, so that the 
work of the Termites becomes a conspicuous feature in the land¬ 
scape. This is of course only the case in ivgions that are not 
much interfered with by man; the gi'eat dwellings spoken of 
by Smeathman and others soon disappear from the neighInuirhood 
of settlements, but in parts of Africa and in Australia large 
dwellings are still formed by these creaturea In the latter part 
of the world there exists a very remarkable one, formed by an 
' Kolbe, Ent. Xachr, xiii. 18S7, p. 70. 
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undetermined species called by the officers and crew of her 
Majesty’s ship Penguin the "compass ant.” The outline of one 
of the structures formed by this Termite we represent in Fig. 239. 
Mr. J. J. Walker, to whom we are indebted for tlie sketch from 
which this figui’e is taken, has also favoured us witli tlie following 
extract from his diary, of date 4th August 1890: "The most in¬ 
teresting feature in the scenery (about forty miles inland from Port 
Darwin) was the constant succession of huge mounds raised by 
the Termites, of which I had seem some comparatively small 
examples in my rambles near Port Darwin; but these exceeded 
in dimensions all I had ever seen. The most frequent as well as 
the largest kind was usually of a reddish or ferruginous colour 
outside, and generally almost cylindrical in shape with obtusely- 
pointed top, but nearly always more or less weather-worn, with 
greiit irregular buttresses and deep ruts down the sides; many of 
them look like ruined towers in miniature. Their usual height 
was from 8 to 10 feet, but many were much higher, and some 
attained an (estimated) elevation of at least 20 feet. Another 
kind, seen only in one or two places along the line, was of a much 
more singular character; they averaged only 4 to 5 feet high, 




were built of a dark-gray mud, 
and in shape wtue like thin flat 
wedges set u])right (see Fig. 239), 
reminding one of tombstones in 
a churchyard. But the most 
remarkable feature about these 
mounds was tliat they had all 
the same orientation, viz. with 
the long faces of the wedge 


A B })ointing nearly north and south. 

Fio. 239.—Termitarium of compass or nieri- -iiri . 4.1 . t . . 4 . 

dian Termite of North Australia. A, this IS SO 1 am quite at a 

face exteudiug south and north ; B, cross, loss to imagine, and I iiiuch re¬ 
gret that 1 had no opportunity 
of closely examining these most singular structures. A third 


kind of mound, usually not exceeding 2 feet in height, was of a 
simple, acute, conical figure, and generally of a gray colour some¬ 
what paler than the last.” 


The material used for the construction of the dwellings is 
either earth, wood, or the excrement of the Termites. The huge 
edifices mentioned by Smeathman are composed of earth cemented 
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together so as to look like stone or brick, and the buildings appear 
to be almost as strong as if tliey were actually constructed with 
these materials. In many cases 
the substance used is comminuted 
wood that lias jiassed one or 
more times through tlie alimen¬ 
tary winal of the Ins(H;ts, and 
may therefore lie called excrement. 

Whether the stone-like material 
is made from earth that has 

passed through the alimentary 

canal or from irrains crnthered 240. — Fragment of Termitarium of 
canal or irom grains gatntrtu angxiHiatuH, s. Africa, showing 

for the purpose has not been fungus chaiiil>ers and oritices of corn- 

well ascertained. In any case municatiou. 

the material is cemenU*d together by means of the secretions of 
glands. Dudley and Beaumont have descrilied the process of 
construction, in a speci(‘s observed by them, saying that earth 
is brought and placed in jKisition by the mandibles, and cemented 
by li(piid from the abdomen.^ Von Jhering sjiys“ that some 
spi*cies form the exterior walls of their dwellings of stone-like 
material, but make use of woody mattt*r for the construction 
of the interior. Smeathman has desc*ril)ed the nest of IWmes 


heliicosus. The whole of the very strong external wall consists 
of clay-like material, cemented by the secretions of the Termites 
to a very firm consistence. The royal cell is built of the same 
material as the framework of the nest; whilst the nurseries 
in w^hich the young are chiefly found are built of wooily 
material, and are always covered with a kind of mould—the 
mycelium of a fungus—and plentifully sprinkled with small 
white bodies, which, under the mieroscoj^e, are found to be filled 
with a numlxT of oblong, spore-like 'cells. 

These nurseries rest on the clay-like framework of the nest, 
but are not attached thereto; they in no way support it, or one 
another, indeed they have the appearance of being constantly 
added to on their upper margins and constantly eaten away on 
their under parts. Fig. 240 represents the appearance of the 
uppi^r boundary of a nursery taken from a nest of Tenues 
tains. The small white bodies, mentioned above, have dis¬ 
appeared : the mycelium of the fungus, though not shown in the 


^ Trans, N, York Ac, viii. 1889, p. 91. * Congr, inUmoL Zool, ii. 1892, p. 249. 
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figure, is still visible on the specimen from which it was drawn, 
and gives rise to a whitish, glaucous apj)earance. 

In various piirts of the world nests formed on trees by Termites 
are to be seen; these tree nests are, it would appear, in some cases 
only parts of a community, and are connected with the main body 
by galleries. In other ciises nests are formed in various positions of 
advantage; Messrs. Hubbard and Hagen have given us an account' 
of some of these—probably the work of Eutermes ripperti —as seen 
in Jamaica. They describe the nests as spherical or conical masses, 
looking externally as if composed of loamy earth ; they are placed 
on trees, fences, or walls; they vary in size from that of a man’s 
fist to that of a hogshead; they api>eftr to l)e composed of finely 
comminuted wood fastened together by siiliva. Tliese nests are 
formed on the Siime principle as those of the wasps tliat make 
nests hanging to trees and bushes, as th(^y consist of an external 
protecting enveloiH? covering a comb-like mass in the interior. 
At the bottom of the nest there is a covered gallery leading to 
the earth, where the main nest appc^ars to be situate; galleries 
also are constructed so as to lead to the tops of trees and other 
phices, in such a manner that the Termite (Min still keep up its 
peculiarity of working and travelling in tunnels and yet roam 
over a large area; the activity of these Termites continues day 
and night. In each nest there is a (pieen, who lays eggs that 
are removed by the worker Termites to the bottom of the nest. 
The young are fed on a prepared fiH)d, consisting apparently of 
comminuted vegetable matter, of which considerable masses are 
laid in store. Some of the nests are rich in containing many 
pounds’ weight of this material, while others are apparently quite 
destitute of it. There is a s<jldier form and at least two kinds of 
workers. Some 8|)ecies of true ant frequently shares the nest of 
these white ants, but on what terms the two kinds of Insects live 
together is not stated. 

Termite Bavagee. —In countries whose climate is favourable 
to their constitutions certain kinds of Termites become of great 
importance to our own species. Owing to their taste for woody 
matter and to their habit of working in concealment, it is no 
uncommon thing for it to be discovered that Termites have 
obtained access to a building and have practically destroyed the 
wooden materials used in its construction; all the interior of the 
^ P, Bctton Soc. xix. 1878, p. 267 ; and xx. 1881, p. 121. 
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wood being eaten away and only a thin outer shell left intact. 
A Termite, T, tenuis^ was introduced—in what manner is not 
a^rtainly known^—to the Island of St. Helena, and committed 
such extensive ravages there that Jamestown, the capital, was 
practically destroyed and new buildings had to be erected. Other 
such cases are on record. Destructive species can sometimes be 
destroyed by placing in the nests a portion of arsenicated food. 
This is eaten by some individuals, who perish in consequence; 
and their dead bodies lieing consumed by their comrades, the colony 
l)ecomes checked if not exterminated. 

The number of descrilied sjH^cies of Termitidae does not much 
exceed 100, ]>ut this is certainly only a small portion of those 
existing, the total of which may probably reach 1000 species. 

Termitidae are classed l)y some naturalists w’ith the Orthoptera, 
and tliey have a gn*at deal in common with some of the cursorial 
division of that Order, more particularly Forficulidae and Blattidae; 
but they dilfer from Orthoptera in the nature and form of the 
wings. They are also classed by some, with a few’ other forms, as 
a separatfi Order of Pseudo-Neuroptera called Corrodentia, but this 
is not a very siitisfactory course, as the Termitidae do not agree 
closely with the forms associated wdth them, w’hile tlie aggregate 
so formed is far from being very distinct from otlier forms of 
Neuroi)tera. On the wdiole the l^est plan appears to be to treat the 
rerinitidae as forming a di.stinct family of the Order Neuroptera, 
or to make it a ilistinct Order, as proposed by Grassi. l^ackard 
now associates Termites in an Order with the biting-lice, and 
calls it Platyptera. 

Fossil Termites. —Termitidae were very abundant in Tertiary 
times, and the genera appear to have l)een then much tlie same as 
at present. In Mesozoic strata the remains of true Termitidae 
apparently exist in the Lias in Euroj)e, but farther hick than 
this the family has not l)eeii satisfactorily traced. It was formerly 
supposiMl that Termitidae existed in the Car]>oniferous strata, but 
this appears to lx; very doubtful; and the fossil remains of that 
epewh, wliich were presumed to l)e those of Termites, are now 
referred by SCudder and others to the Neuropteroid division of the 
Order Palaeodictyoptera, an Order which is formed entirely of 
Palaeozoic fossil remains. 

' According to Molliss, it is thought that the Insect may have lieen carrie<l to 
the island in a captured slave-ship. Melliss, SU Helena^ 1875, p. 171. 




CHAPTER XVII 


NEUROPTERA VOXTINUKD -PSOCIDAE (ROOK - LICE AND DEATH- 

WATCHES)-THE FIRST FAMILY OF AMPHIBIOUS NEUROPTERA 

(PERUDAE, STONE-FLIES). 


Fam. IV. Psocidae—Book-Lice, Death-Watches. 

Minute Insects vnth slender, thread-like, or hair-like antennae; 
four delicate memhranous wings, the fro7Lt pair of which are 

the larger; their neuration is not 
almndant and is irregular, so that 
the cells are also irregularlg ar~ 
ranged; the transverse nermiles are 
only one or two in nuniher} Pro- 
thorax rerg small, in the winged 

FIO. rn.-pJim cortemhd between the 

England. (After M‘Lachian.) head uiul the large mesothorax ; this 

latter closely connected with, or fused, 
with, the metathorax. Species <iuite wingless, or vnth wings 
unfitted for flight, exist; in them the jyrothoroji^ is not so ex¬ 
tremely small, while the mesothorax is smaller than in the 
vnngedforms. Tarsi of two or three segments. Metamorphosis 
slight, marked chiefly hy the development of wings and ocelli. 



The Psocidae are without exception small and soft-bodied Insects, 
and are only known to those who are not entomologists l)y the 
wingless forms that run alK)ut in uninhabited or quiet apart¬ 
ments, and are called dust-lice or book-lice. They are perhaps 
more similar to Termitidae than to any other Insects, but 
the two families differ much in the structure of their wings, and 
are totally dissimilar in the nature of their lives. 

^ In some exotic epecies there is a dense network on a jMirt of the anterior wing. 
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to twenty-five joints, or even 



The antennae consist of eleven 
more, about thirteen being the 
usual numl)er; the basal two are 
thicker than the others, and are 
destitute of setae or pubescence 
sucli as the others possess. The 
maxillae and labium are remark¬ 
able. The former possesses a 
peculiar hard ])ick or elongate 
rod; this is considered by many 
naturalists to be the inner lobe, Fio. 242.—Transverse horizontal section 
but Burgess thinks it more prob- ! 

ably an independent or^an/ as it p* stii>eN ; nunh, muscles ; m.s, socket 

, c 1-1 mandible. 

has no articulation ot any kind 

with the outer lobe. The latter is remarkably thick and fleshy; 

the palpus is 5-jointed. Other 
authorities consider the pick to 
be certainly the inner lolie; if 
it he not, the latter is quite 
wanting. Hagen agrees with 
Burgess in stating that the 
pick slides in the outer lolie as 
in a sheath. The labium has 
a large mentum and a ligula 
divided anteriorly into two lolies; 
at eacli outer angle in front 
there is a globular projection, 
which is doubtless the labial 
palpus; rejK>sing on the labium 
there is a large free lingua. 
The labriim is large, attached 
to a distinct clyinnis, 1 behind 
them is a remarkable 
is usually 

prominent as if inflate<l; to its 



ct ^€.m 

Pio. 243. —A, Front of Iiea<l of Psoeus hetero^ w^hicll 

morph us ; r/, j>ost clyiH»us ; cpicraii* , i i 

iuin : B, transverse horizontal section post-clvpeus, Whit* 11 
of i)osl-clyi>eus of Psocus: cl^ post- 
clyiHJUs ; c.»i, cly]>eal muscles ; epi- . „ 

cranium ;/,tendon8;/.7w.labial muscle ill iiiiier face are attached several 


section ; or, oesophagus ; oe,b, oesopha¬ 
geal bone. (After Burgess and Bertkuu.) 


niusrles which converge to be 
inserted on a plate placed l»elow 
the anterior part of the oesophagus, and called by Burgess the 
^ /*. Poston Sue* xix. 1878, i>. 292. 
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oesophageal bone; under or witiiin the lingua there is a pair 
of lingual glands. Judging from Grosse’s study of the mouth 
of Mallophaga, we may conclude that the oesopliageal bone will 
prove to be a sclerite of the hypopharynx. The eyes of the 
winged forms are frequently remarkably convex, and there are 
also three ocelli, triangularly placed on the vertex. The head 
is free and very mobile. The coxae are ratlier small, exserted, 
contiguous; the sterna small. The abdomen has usually ten 
segments, tliough sometimes only nine can be detected. 

The thorax in I'socidae usually looks as if it consisted of 
only two segments. This is due to two opposite conditions: (1) 
that in the winged forms the protborax is reduced to a plate 
concealed in the lissure between the head and the rnesotliorax 
bearing the first pair of wings; (2) that in the wingless forms 
(Fig. 247), thougli the protliorax is distinct, the iiieso- and meta- 
thorax ai*e fused into one segment. 

The internal anatomy is only very incompletely known. 
Nitzsc'h ^ has, however, descriUMl the alinamtary canal and the 
reproductive organs of Cloth ilia jnihatoruu The former is 

Ficj. 244.—Reproduc¬ 
tive orgauM of eVo- 
thilln pu/satoria» 
A, Male ; «, vesi- 
culoe Heiuiiiales ; h, 
testes ; c, va.sii dt- 
fereiitia; </, ejacu¬ 
latory duct. B, 
Female ; a, A, egg- 
tubes ; r, oviduct; 
#/, uterus, contain- 
lug egg ; e, acces¬ 
sory gland (the en¬ 
veloping sac iu sec¬ 
tion) ; /, its duct. 
(After Nitzsch.) 

remarkably simple: no proventriculus or crop was found; the 
stomach is very elongate, and consists of a sac-like anterior 
portion and an elongate, tubular jjosterior part. There are four 
Malpighian tubes. The posterior j)art of the canal is remark¬ 
ably short, the small intestine being scarcely as long as the 
rectum. The ovaries (Fig. 244, B) consist of five egg-tubes on 
each side; connected with the oviduct there is a j)eculiar acces¬ 
sory gland consisting of a sac containing other small sacs each 
* Germar, ifag. JSnlomol. iv. 1821, p. 278, pi. ii. 
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with an elongate efferent duct; the numl^er of the secondary 
sacs varies from one to four according to the individual. The 
testis (Fig. 244, A, b) is a simple capsule; connected with the 
base of the ejaculatory duct there is a pair of elongate accessory 
glands or vesieulae seminales. 

The life-history has never lieen satisfactorily sketched. The 
young greatly resemble the old, but have no ocelli or wings, and 
sometimes the tarsi are of two joints, while in the adult they 
have three. The antennae liave also in these cases a less numl>er 
of joints in the young stage. The food is animal or vegetable 
refuse substances; many live on fungoid matter of various kinds, 
mouldy chaff l)eing, it is said, a favourite pabulum; the mould 
on palings is a source of food to many ; others live on the rust- 
fungi of leaves, and many frequent the bark of trees. They are 
able to spin webs, probably by the aid of the lingual glands; 
the eggs are deposited, in some eases, on leaves and covered with 
a web. Hagen says that a jK^culiar organ, possibly a gland—he 
calls it a hose ^—(?xists at the ba.se of the tarsiil claws. In our 


climate most of the species pass the winter in the egg-state. 
There may l^e two generations in a year, j>eihaps more. 

The nomenclature of the wing-veins of Psocidae has given 
rise to mucli discussion.^ Tlie ^ 

system shown in the accoin- ^ 
panying figure is probably the a 
most convenient; the subcos- 4 
tal vein (2) is always obscure, 

and sometimes can only be . 'V 

detected by very minute ex- Fks. 245.—Anterior wing of Elipsocus brevi- 
amination. Some interesting (After R«uu^r.) i, Costal vein; 

^ 2, subcostal ; 3, nuhal ; 4, cubitus ; 4(1, 

information as to the minute branches of cubitus; 5, sector of the radius ; 

structure and mode of forma- thereof. 

tion of the wings and their nervures has lieen given by Ilagen.^ 

In the young the wings first apjxnir as buds, or outgrow!hs 
of the sides of the meso- and meta-thorax; afterwanls the pro¬ 
thorax decreases, while the other two thoracic segments and 
the wing-rudiments attached to them increase. The wings 
from their very origin ap})ear to he different from those of the 
Orthoptera, and the changes that bike place in the thoracic 


* Kolbe, Stettin, ent. Zeit. xli. 1S80, p. 179. 
* Op, cit, p. 209, etc. 


^Psyche, iii. 1881, p. 196. 
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segments in the course of tlie development, differ from those 
that occur in Orthoptera. 

There are several peculiarities connected with the wings. 

frequently they exist, 

though of no use for 

flight; some Psocidae that 

have perfectly - formed 

wings are so reluctant to 

use them that, ilM^ichlan 

says, they will allow them- 

Fio. 246.—Micropteroiis form of ^^estyp8oclut uni^ twelves to 1)0 crushed with- 
punctatus. rt, a, Wings. (After liertkau.) ^ , i 

out seeking to cscajxj ny 
flight. At certain periods, however, some Psocidae flotit on 
the wing in considerable numbtu-s, especially in a moist still 
atmosphere, and then drift about like the winged Aj)hididae, 
which are frequently found with tluun. There is evidence 
that individuals, or generations, of .some of the winged sj)ecies 
occur with only rudimentary wings; although this has been 
denied by Kolbe, there can l>e no doubt about it. The form 
figured above (Fig. 24G) was described by Bertkau^ as a dis¬ 
tinct genus, but was afterwards recognised by him ^ to lie a 
short-winged form of Mvmpsorus unf 2 )t/)irf(ftas. It is probable 
that the adult female of this sjxxdes has the wings always 
micropteroiis, while the male Inis the.se organs of the full size. 
In other species the condition of the rudimmitary wings Bt^ems to 
be quite constant. The facts concerning the wings of Psocidae 
are so peculiar that Kolbe came to the conclusion that the 
organs exist not because they are of use for flight, so much as 
because it is the nature of an Inst^ct to develoj) wings.* 

Some of the species of Psocidae have never any trace of wing.s. 
These apterous forms are mo.stly included in the division 
Atropiiiae, and are usually very minute; it has Wn again and 
again erroneou-sly stated that they are the young state of winged 
forms. Hagen kept a large colony of Atrojfos diinnaioria for 
some years in confinement, so that he saw numerous generations 
as well as many specimens. He found the apterous condition 
quite constant. 

’ Arch.f. Katurg. xlix. i. 1883, j). 99. 

® Verh, Ver. JRheinlarulf xxxix. 1882, Coir.-1)1. p, 128. 

• Berlin ent, ZcU. xxviii. 1884, p. 36. 
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The association of ocelli with wings is nearly constant in 
Psocidae. The genus Clothilla —allied to Atropos —possesses 
very rudimentary wings but no ocelli. Hagen, however, found ^ 
that in a certain locality no less than 12 per cent of the indi¬ 
viduals of this species were provided with ocelli,—a most extra¬ 
ordinary variation. 

In some of these apterous forms there is found on each side 
of tlie prothorax a tubercular prominence which, according to 
Hagen, can he considered only as the rudiment of a wing that 
nevt*r develops. Though no existing Insect is known to possess 
rudimentary wings on the prothorax, we have previously men¬ 
tioned (p. 344) that in tlie Carboniferous epoch appendages of 
tlie nature alluded to were not very rare. 

A genius of living forms— Hypereies —in which the three 
thoracic segments are well developed, but in which there are no 
alar ajipendages or rudiments, is considered by Hagen to Ik? more 
primitive than the Psocidae found in amber to which we shall 
subsequently allude. 

The number of descrilied species of Psocidae does not reach 
two hundri*d; we have, however, thirty spt?cies or more in 
Britain.*^ Nietner observed about the Siime numl)er in the 
ininu»diate vicinity of liis house in Ceylon. The isolated and 
nnnote Hawaiian group of islands is rtnnarkably rich in Psocidae. 
Two thousand is a moderate estimate of the numlier of existing 
species. The largest forms yet discovered belong to the Brazilian 
genus Thyrsophoriis; they attain, however, a breadth of only 
about one inch with the wings fully expanded. The Cuban 
genus jKffihidopsorifs is said to he of great interest from its 
approximation to Embiidae. It is at present very inadequately 
known. 

One (or more) very minute Insects of this family —Clothilla 
pvlsatoria according to Hagen, Atropos^ divinatoria according to 
some other authors—is widely known under the name of the 
death-watcdi, owing to its being lielieved to make a pecidiar 

' Stettin, eiU, Zeit, xliv. 1883, pp. 299, 305. 

® For the Britisli s|)ccie8, see M‘Lachlan, Ent, MontK Mag, iii. 1867, p. 177. 

® The genera Atrojws and Clothilla were named after the two fates Ati'opos and 
Clotho. Wcstwoofl attempted sinne years ago to complete the trio hy eatahlishiiig a 
genus Lachesilla, This ju'oved a failure, the genus l)cmg a misconception. As the 
name Lachcsls is in use in various branches of zoology, the desired circle of Psocid 
fates is likely to remain always incomplete. 
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ticking noise, supposed to be prophetic of the decease of some 

individual—a human l)eing we fancy, 
not a death-watch. It is difficult 
to believe that so minute and soft an 
yaE A Insect can produce a sound audible to 
human ears, and many entomologists are 
of opinion that the sound in question 
is really produced by a beetle—of the 
genus Anobium —wliich lives in wood, 
and that as the 1 noetic may l>e concealed 
in a hole, while the Clothilln is seen 
running al)out, the sound is naturally, 
though erroneously, attributed to the 
Fio. 247.— A, Airopos dwina- latter. But the rapping of the Ano- 
(After iiw/a is Well kiiowii, is produccd while 

the Insect is at large, and is said to l)e 
a different noise from that of the Tsocid; evidence too has been 
given as to the production of the sound in a workbox when the 
Tsoeid was certainly present, and the most careful search failed 
to reveal any beetle. 

The Rev. W. Derham, who two hundred years ago was Recjtor 
of Upminster, in Essex, and was well known as a distinguished 
writer and philosopher, gave an account of the ticking of death- 
watches to the Royal Society.^ This gentleman was a most 
accurate and minute observer; he was well acfpiainted with the 
ticking of the greater death-watch — Anobimri — which he 
describes very accurately, as well as the acts accompanying it, 
the details he mentions l>eing exactly such as occur at the present 
tiraa He not only heard the ticking of the Bsocid or lesser 
death-watch, but repeatedly witnessed it. He says: “ I am now 
so used to, and skilful in the matter as to l)e able to see, and 
show them. Ideating almost when I please, by having a paj)er 
with some of them in it conveniently placed and imitating their 
pulsation, which they will readily answer.” He also states that 
he could only hear them beating when it was done on paper, and 
that this death-watch will tick for some hours together without 
intermission, with intervals between the beats, so that it much 
resembles the ticking of a watch. The act of ticking was accom- 

* PhU, Trans, xxii. 1701, pp. 832-834 ; and xxiv. 1704, pp. 1586-1594, Plate 291, 
Figs. 4, 5 (pp. 1565 to 1604 occur twice in this volume). 
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panied by rapping the front of the head on the paper, but Mr. 
Derham could not l>e sure that the sound 
was produced in that manner, l3ecause each 
stroke was also accompanied by a peculiar 
shudder, or recoil. After a prolonged tick¬ 
ing he obstn ved that another individual of 
the otluu’ sex made its appearance. The 
8|>ecies figured Ijy Mr. iJerham more 
resembles a Hijperetes than it does either 
of our two known book-lice, AtrojWS and Fig. 248.— The lesser death- 

Cloth ill ((. ^'»‘ch of Upniinster. 

• <» T’l • 1 (After Derham.) A, mag- 

Js umerous specKiS of rsocidae are pre- ned; b, natural size. 

served in amber ; Hagen ^ has made a 

(careful study, based on a considerable number of specimens, 
of about tliirteeii such spme.s. They l>elong to no less than 
nine genera and five sul) - families. Sphaeropsocus is the most 
remarkable ; this Insect has a well - developed prothorax, as 

is the case in the wingless 
l^socids, and a pair of large 
wings or tegmina meeting 
by a straight suture along 
the back, as is usual in 
beetles, though quite un¬ 

known in existing l*s(xndae. 
Another species, Amphiento- 
mum paradoxum, has the 
lx)dy and appendages covered 
with scales like a butterfly 
or moth; other sy)ecies, found 
in gum-copal or still liv¬ 
ing, have settles on various 
parts of the body, l)ut not to so great an extent iis this amlHU* 
species. The genus Amphientomum is still represented in Ceylon 
and elseiwhere by living forms; Packartl luus figurt^d some of the 
scales; ^ they ap^Hnir to be extremely similar to those of lA^pi- 
doptera or Thysanura. The facts connected with this fauna of 
amber Psocidae would seem to show that the family wjus formerlv 
more extensive and important than it is at present; we should 
therefore expect to find numerous fossil forms in strata of date 
* SUUin, ent ZeiL xliii. 1882, p. 265, • }\ Bo^on Soc. xiii. 1871, p. 407. 



Fio. 249.— Sphneropsont^ lcunowii, From 
aml)«r. x 30. (AfUsr Hageu.) 
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anterior to that of the amber; but this is not the case, all that 
is known as to fossil Psocidae ^ing that Sciulder has recently 
ascribed traces of an Insect found in the Tertiary rocks of Utah 
to this family as a distinct genus. 


Fam. V. Perlidae. 

Insects of moderate or large size^ f urnished ivith four membranous 
icings; these are usually completely reticulate ; thehind pair 
are much the larger^ and have a large anal area of more 
simple venation^ which becomes plicate when folded. The 
coxae are small, the legs widely separated. The larvae are 
aqtuitic in habits; the metamorphosis is slight. 



The Perlidae form a small family of Insects unattractive in their 
general appearance. The life-history of cfic‘h individual consirfts 
of two abruptly contrasted portions; the eerlier stage Ijeing 
entirely aquatic, the later aerial Hence the Perlidae come into 
the amphibious division of Neuroptera. The definition we have 
given above would, except as regards the texture of the front 
wings and the aquatic habits of the larvae, apply to many 
Insects of the Order Orthoptera. The Phryganeidae, anotlier 


XVII 


PERLIDAE 


399 


family of Neuroptera, have aquatic larvae and wings somewdiat 
similar in form to those of the Perlidae, liut the members of the two 
families cannot be confounded, tis tlie Pliryganeidae have hairy 
front wings and large and contiguous coxae. 

The antennae of the Perlidae are long, very flexible, and com¬ 
posed of a very large iiuiiiImu* of joints. The parts of the mouth 
vary a good deal. The mandibles and maxillae are usually rather 
small, and all the lairts of the mouth are of feeble consistence or 
even memlminous; tlie maxillary palpi are, however, well developed 
and exserted from the mouth, live-jointed. The labium is short 
and but little conspicuous. Tlie mandildes in some forms are 
almost membranous, Imt in f)ther genera they are firmer and are 
toothed. Tlie lalaum is cmuposed of a very large menturn, iKwond 
which is a large jacve, usually undivided, In^aring the four terminal 
lobes; the tliree-jointed ])alims is seated on the side of tlie large 
niid<Ue S(!lerite, which is no doubt of composite nature. Con¬ 
siderable variety as to the lower lip jirevails. The head is Inroad 
and flat; there is an indistinctly-indicated clyiieus, tliree— 

more rarely two- ocelli, and on each side an eye neither very 

large nor perfect. The prothorax is free, and has a flat, 
margined notum. Tlie nieso- and the nieta-thorax are large, 
equal st*gments. The ])ro-, meso-, and meta-sternum are large 
pieces; between the first and second, and lietween the second 
and third there is an intervening membrane. The metasternum 
is much jirolonged liackwards, and has on each side a peculiar 
slit; similar orifices exist on the other sterna (Fig. 254, e). 
Newport, who has examined them in PteroiunrySy says that they 
are Idiml invaginations of the integument; lie calls tliem the 
sternal or furcal orifices.^ xVccording to this naturalist these very 
peculiar ojienings ]>ass into the body " as strong bone-like tubes, 
diverging from tlu? axis to the ptTi])hery of the body in the 
imnuHliate vicinity of some of the jirincipal traclieae, but that 
they do not in any way communicate with them, as they terminate 
abruptly as caival structures.” He thinks them analogous with 
the endo-skeleton of other insex'ts; a vii»w which cannot be con¬ 
sidered suflieiently established. I^iboulbene states “ that when 
Perla jiarisUm is seized and jdaced on its back, it does not move, 
but emits a liquid at the base of the articulation of the legs. 

* Tr, Linn, Soe, xx. 1851, \\ 433. 

* L*tUi, Soc. eiU, France (4), viii. 1868, p. xxxvii. 
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This suggests that it may come from these sternal orifices. The 

abdomen consists of ten dorsal plates, the 
first being short, and of nine ventral; 
the dorsal plates are much more ample 
transvei'sely than the ventral. Frequently 
the hind body is terminated by two long, 
many-joiuted cerci, looking like antennae. 
Tlie coxae are small, not ])rominent, and 
are directed outwards. The legs are 
slender, the tibiae often grooved. The 
tarsi are three-jointed, terminating in two 
claws and a more or less distinct pad. 
In the genus Tsoptcri/x an auditory organ 
lias been dest‘ril)ed as existing in the legs, 
in a position similar to that of the analo¬ 
gous structures 
Fig. 25}.-—Periu vtajcinut. in Teriiiitidae 
(After Hotel.) Bluttidue. 

The wings when closed repose Hat on the 
back, and fold and overlap so that only 
one is seen (Fig. 251); in this state 
tlie costal portion of each front wing is 
turned downwards, so as to protect to 
some extent, the sides of the body. 

The early stages are known, but have 
not l)een descril^ed minutely, and there 
appears to lie very little information as 
to the youngest life. All the species 
are, when immature, aquatic in their 
habits; the larvae greatly resemble the 
perfect Insects in form, though differing 
in not possessing wings and in the 
ocelli being merely opaque spaces. 

They have rather large compound eyes ; 
the future wings are represented by 
lobe - like prolongations — varying in 
lengtli according to age—of the meso- 
and meta-notum. In the Nemourae the 
cerci are absent in the imago though 
present in the young. The larvae of Perlidae are carnivorous 



Fio. 252. — Perla sp., nymph 
showing tracheal ^lls. Pyr^- 
n^es orientalea. 
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and are able to swim well, the legs Ixdng provided with abundant 
swimming luiirs; they, however, as a rule, prcifer to walk at the 
bottom of tlie pool, or on rocks or lx)ulders in the water they 
live in. 

One of the most peculiar features of the Perlidae is their 
respiratory system. Unfortunately the greatest differences of 
opinion liave prevailed on various matters in connexion with this 
subjec‘t, and there are stweral points about which it is not possible 
at present to express a decided opinion. 

The larvae have no stigmata; it appears to be generally 
agreed tliat there is in tlieni no means 
of admitting air to the tracheal system 1 ( 
by means of orifices. Some l)reathe 
entirely through the integuinent, the pro- 
cess hi‘ing aided by the accumulation of 
tracheae at tlu». sjiots where the breath- 1 ^ 

ing orifices .should l»e, and where the 
integument is more delicate. Others, 
however, po.s.sess gills in the form of }>ro- /MyA 
truded bunches of lilaments, connected 
with tracheae in tlie manner shown in 

Fig. 2o;l. These filamentous branchiae rp , , , 

occur in numerous sjiecies of the family, i>ortionofatnicheaof/v«*r<>- 
and ai-e situate on various parts of the Ne^l'ort.) 

body, but many species are destitute of tliem in genera, other mem¬ 
bers of which possess the filamenta In some Nemourae instead 
of bundles of filaments there are tubular projections on the pro- 
thoracic segment *, and in IHctyopteryx siynata similar structures 
(K*cur even in the ce]>lialic region, Hagen stating ^ that there exists 
a pair on the subnamtum and another on the membrane l>c*tween 
the head and the thorax. In the imago state, stigmata are pivsent 
in the normal fashion, there being two thonieic and six abdominal 
pairs. In several species the filaments jiersist in the imago, so that 
in these cases we meet with the curious condition of the coexistence 
of branchiae with a well-developed and functionally active system 
of spiracles; this is the more curious liecause the creatures usually 
have then nothing to do with the water, it having been ascer¬ 
tained that in these cases the species live out of the water as other 
terrestrial and aerial Insects do. These instances of pei-sistence 
' ZooL Am, iii. 1880, p. 304. 
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of branchiae during the aerial life have been the source of some 


perplexity; the condition was shown to exist 

in IHeronarcys by Newport, and has since 

been demonstrated in various other forms. 

Newport believed that the imago of IHero- 

'iuircys breathes by means of the gills, 

although it lives out of the water and 

possesses spiracles; and he informs us that 

Mr. llarnston ol^served the Insect when on 

the wing “constantly dipping on the surface 

of the water.” Hence Newport concluded 

that Pteronnrcys in the winged state is “an 

amphibious aniiual.” That a winged Insect 

should live in the air and yet breathe by 

means of gills would be truly extraordinary, 

and there cun be little doubt tluit Newport's 

idea was erroneous. Hagen ^ was able to 

Fia. 254.—Un<\er side of examine liviim imagos of the species in cuies- 
]KxIy ol PteromircyH . i. i i ^ ^ 

reyaiis, imago, (After tioii. He touiid that tlu‘y avoided the 
Newjiort.) flr, Tra- ^y.^^er, and though la*, placed some indi- 
orifices. viduals therein, yet they did not use the 

gills. He also informs us that the branchiae 
have, during life, a shrivelled ajipeurance, indicating that they 
are not functionally active, but are mmely useless organs carried 
over to the imago from the jirevious instar, in which they were 
truly the means of obtaining air. Hagen also ascertaim^d that 
the spiracles of the imago are in a normal state, being adapted 
for breathing, even as far back as the seventh abdominal 
segment. 

Great difference of opinion has prevailed as to the relations 
of the branchiae to the stigmata, it having been contimded that 
the falling off of some of the branchiae left the stigmatic orifices. 
The facts appear to lie only consistent with the conclusion that 
the two are totally independent organs. This subject has been 
investigated by l^almen,^ who finds that in Perlidae—contraiy 
to what occurs in may-flies—the species are either entirely 
destitute of gills, or these organs are persistent throughout 
life. It is not to be inferred from this that the gills in the 



^ SttcUin, erU. ZtU, xxx%’iii. 1877, p. 487. 

® Moryhologw des Tracheetisy^emSf lielBingfoi*8, 1877, p. 21. 
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perennibranchiate Perlidae are as conspicuous as tliey are in 

the exce})tional Pteronarrys: for it appears that at the final 

moult the gills usually become very 

mucli contracted and concealed by the 

new integument; in sonui cases they 

merely appear as slight prominences n nN n 

in the neighbourhood of the stigmata. ft wV ^ 

Pictet, Dufour, Newport, and Imhof^ vllliv 

have studied the internal anatomy. The I fl 

alimentary canal is remarkable for the A// lV\ 

miorinous 0 ('.soj)hagus; there is no dis- 1 ^ , „1 y 

tinction betw(*en this and the cro}). A I A 

proventriculus is cpiite absent, and tin re [ ■ 9 I 

are no chitinous folds in the position it ^ ‘ 1 ^ 

usually occupies. The true stomach is f i I 

small, and only commences in tin* fourth H ^ mp: ly 

abdominal segment. It has a prolonged 
lobe on each side in front, and in 
addition to tliis eight sacs; tlius there 
an*, formed ten diverticula, fastened to 
the ]>osterior part of tlie oesophagus by 
ligaments. The ttTminal iKUtion of the 

stomach is small, and ap])arently only 1/^lfrST. 

distinguished from tlie short intt*stine /7c?\\ 

by the point of insertion of the ilal- ' 

pighiau tubi*s; these vary in iiumlHr Fi«. •2r»^™Alimentary 

* ^ ^ outline ot tKxlv ot /Vroi 

from about twenty to sixty. Then) an* uotxinta. (After Imhof.) /, 

two iiairs of large salivary glands. In l pperhp; Wi, buci-alenvity; 

Pteronarrys the caecal diverticidti of the salivary ducts ; oeso- 

«toin.K‘h iu-o wantintj. In soiuo IVrli.lao 

the. termimil piirts of the gut are more ^ anUTior diverticula of 

comi)lex tlian in Perhi maximn ; >i(nv- of Malpi- 

port figures both an ilium and colon ghiau tulies; r, rectum ; a/, 

very strongly ditterentiiited, and sttites orifice, 

that these parts dilVer much in Perla and Pteronarrys, Acconl- 
ing to him the stomach is embraced by a network of tracheae, 
and Imhof tt5lls us that lie found the stomach to conUiin only air. 

The brain is small, but, according to Imhof, (*onsists of four 
amalgamated divisions; the infra-oesophageal ganglion is small, 
' J^cUr. AmU. Perla fttojctma. luaug. Diss. Aaraii, 1881. 
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and placed very near the l)rain. 



There are three thonuiiti and 
six ahdoininal ganglia on the 
ventral chain. The nerves 
to the wings are connected 
with the longitudinal coni- 
niissures of the ventral chain 
by })eculiar, ohliipiely-placed, 
short conunissures. The repro¬ 
ductive glands iivii peculiar, 
inasmuch as in each sex 
the pair of principal glands 
is connected together in the 
middle. The testes thus form 
an ari‘h consisting of a large 
number of sul)-sj)lierical or 
])ear - shaped folli(‘les ; the 
vasa deferentia are short in 
Prrht imu'itnfiy and there are 
no V(*sicula(i seminal(‘s; the 
duct is divided 


Fio. 256.—Tlie pair of united ovaries of Perla 
mujrima: o, ei;>?-tnbes ; or, oviiluvt; r, re- 
cifptaculum seiiiiiiis vonc<*aliiii< th« oritice of ejaculatoi*}’ 
the .luct 0...! »u accessory glaiul. 

tions. In Pkronarvjis and in Perla hirandnta, ac‘cording to 


are vi 


cry 


lorm and 


Pteronarvys aiul in 

Newport and Dufour, the vasix deferentia 
tortuous, and there are elongate vesiculae 
semiiiales. The arrangement of tlie ex¬ 
tremely numerous egg-tuhes is analogous to 
that of the follicles of tlus testes, .so that, as 
Dufour fwiys, there is ])ut a single ovary; 
connected with the short, unpaired portion of 
tlie oviduct, there is a large rece})taculuni 
seminis, and near the terminal oriiice of 
the duct there is in J\ maxima an eight- 
lobed accessory gland. 

The eggs are prcxluced ]>y l\‘rlidae in 
enormous numbers: they are rather small, 
but pexjuliar in form, and possess at one 
extremity a micropyle apparatus, covered 
by a glassy substanax through which Imhof 
could find no orifice. On the other hand, the chorion on another 
{lart of the egg is perforated by several canals. 



Fio. 257.—Egg of Perla 
maxivM. fAfUir Imhof.) 
c, cliorion ; rf, oolenni; 
gs^ g]a88*like covering of 
micropyle apparatus ; f, 
cavity under same ; g, 
canals penetrating 
chorion. 
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The l^erlidae l->eing of aquatic habits in their early stages, 
and, notwithstanding their ample wings, very ])oor adepts in the 
art of Hying, are rarely found at any considerable distance from 
their native element. They are specially fond of lunning water, 
and delight in the neighbourhood of waterfalls, or other syjots 
where the current is broken by obstacles so that a foaming water 
results. It is y)roba})le that the larvae wiiich breatlie by means 
of gills find an advantage in living in strongly-aerated water. 
Mountain streams and torrents are therefore specially affected by 
them; but Tictet informs us that they do not like the watei's 
d(*sceiiding from glaciers. Tlui food of the larvae is Ixilieved to 
l)e chiefiy young may-fiies, or other small, soft creatures, and it 
may possibly be owing to the absence of these tluit the Perlidae 
do not atfect the glacier streams. Although Perlidae are remark¬ 
able for their capacity for enduring cold, it is possible that tlicy 
may require warmth of the wattT at some period of their 
development, and this the glacier-streams cannot oHer to them. 
Th(*y are among the earliest Insects to appear in the spring in 
Euro]M‘. Mr. Barnston says that on the All)any river in Canada 
tlie nym])li of Cttpnia n rnnlh comes up freciuently in tlie cracks 
of tilt'- ice and casts its skin there; “it frecpiently comes up 
when the tlim niometer stands at freezing.'* Of Kcmoimi yhiciHliSy 
which inhabits similar loc'alities, he sjiys that “ it appears in the 
spring (end of March or lieginiiing of April) when the ice 
liecomes homwcombed, and even Ixdbre then, at the s«une time 
as Citpnia rfriuflls. It ])airs in the crevices of decaying ice. 
Tlic male lias long antennae, and Ids wings are generally rumpled 
as if glued together.’* Kewjjort entertained the idea that those 
P(*rlidae that live at low temperatures are of lower organisation 
than the other forms of the family. 

It is a remarkable fact that several Perlidae frequently 
have—like Xemoura glarialis —the wings of the male much 
reduced in size; this Indiig the eontmry of the rule that 
usually prevails among Insects to the eftec't that, when there is a 
difference in the powers of flight, or even in the size of the wings, 
it is the male that is superior, Mr. J, J. Lister met with a very 
interesting Perlid at LikAi Tanna in Arran at the Wginning o^‘ 
April 1892. In this Insect, wdiich is, according to Mr. 
M^Ijachlau, a form of Isogenm nuhecuhiy the wings of the female 
(Fig. 258, B) aix3 reduced to a size much less than those of ordinary 
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Fig. 258 .—hogenus nuhecvh. Loch Taiina. A, 
Male ; A', wiiijrs of male more miigiii!ie»l; B, 
>viiigs of female. 


Perlitlae, wliile those of tlie male (Fig. 258, A) are mere useless 
rudiments. Morton has pointed out that in Scotland more 
than one species of l\ienioptf*rf/x ficcasionally produces micro- 
pterous males, and he associates this phenomenon \vith the early 

time of their appearance 
almost in winter.’' ^ In 
Nrmoura trifusriata this 
reduction of tlie wings 
tak(\s anotlier hut ecpially 
curious form ; the liind 
wings of the male being 
loim enough to cover tlie 
body, while the anterior 
pair are reduced to mere 
riulimeiits. 

The pluuiomcna of mi- 
cro]>terism in IVrlidae are 
well wortliy of more dt?- 
tailiMl inv(*Htigati(Ui. Mr. 
Morton informs the writer that tlu; mah^ of l^erhi maxima (Fig. 
251) in North Britain has the wings so short that they cannot 
be of any use as organs of llight. In (AUitral Europe the wings are 
ample, as shown in our tigure. In J*frla ccphalotes tlie male is 
short-winged in both Britain and Central Europe ; of the male of 
Dictyopteryx viicrorej^hahi only the mien>pttu-ous form is known to 
exist. In Isoycnus naheruht (Fig. 258) it aj)p(*ars that the 
wings of the female are always more ample than those of the 
male of the siime locality, and that lo(!al micropterism affects 
the two sexes unetjually. Within the Arctic circle this Insect 
is usually of the Scotch form, though the male there occasionally 
lias more ample wing.s. 

It has k‘en observed that in some BtTlidae the eggs, after 
they have Injen extruded, are carried about by the female; for 
what reason is not at all known. Tla^y are. said to l>e cucIoj^hI 
in a membranous capsule at the ap(‘X of the abdomen. The 
numlier of eggs deposited is 8onH‘times vt^ry large, amounting to 
five or six thousfiiid, and they are often of very minute size. 

About twenty-four species of Perlidae oc(.‘ur in Britain.® The 


' Entmn. Mag, xxix. 1893, p. 249. 

* No aatisfactory HyMtcmatic work of a general character on Britinh Perlidao 
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species from all parts of the world existing in collections jirobably 
scarcely exceed two hundred. The insignificance of this number 
is no doubt cliiefly due to the fact that these unattractive Insects 
are rarely ciiptured by collectors, and are so fragile that unless 
good care is taken of them, siiecimens soon go to destruction 
after being dried, l^^rlidae are known to occur in most parts 
of the world, so that the number of s])ecies really existing may 
reacli two or three thousand. They are known to anglers as 
stone-fiies ami cree][>ers and are a favourite bait for trout. 

The family in its character comes near to the Orthoptera, 
especially to the mor(‘ simple forms of Phasmidae, but the two 
groups differ in the texture of the 
front wings and in the structure 
of the mouth-))arts, as well as in 
the dilfi*rc»nt ])roportions of the 
mesothorax and inetathorax. Ac¬ 
cording to Pictet, in the xVustralian 
genus Enathenia tlie trophi (Pig. 

259) a)»))r<)ach nearer to those of 
the Orth()))tera, so that it ai)pears 
j)ossible that a more intimate con¬ 
nexion will be found to exist as more 
forms are discovered. Of th(‘> grou])S 
we includes in Neuro))tera, Perlidae 
are in structure most allied to Sialidae, but the develo])meut in 
the two grou))S exhibits very imjiortant distinctions. Prauer 
treats the Perlidae as forming a distinct Order called Plecop- 
ti*ra, a name apjdied to the family by Purineister many yeai*s 
ago. 

Several s]>ecies of Perlidae, considered to belong to existing 
genera, have Ikhmi found in aml)er. A fossil from the Eex^ene 
de|)osits in the Isle of Wight and another from the Miocene of 
Continental Kuro])e are referred to the family. Pramr luis 
recently descrilKMp some fossils from the Jurassic formation in 
East Siberia as forming thrt'e genera, now extinct, of Perlidae. 

Prongniart informs us “ that several fossils have Ihhui found 

exists. References to the scattered descriptions and notes will Ih> found in the 
Cat.iilf)guc of Biitish Nenroptera published by Kntoin. Soc. Loudon, 1870. 

* Ac. P^^rsh. (7) xxxvi. N<>. 15, 1889. 

* Insectc$fos8ilc.Sy etc., p. 407, 1898. 




Fio. 259.—A, Maxilla, B, labium 
of Kusthenia Hjtectabiiis, (After 
Pictet.) 
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in the Carboniferous strata of Commentry that justify us in 
asserting that allies of Perlidae then existed. He considers these 
Carboniferous Insects to have belonged to a separate family, 
Protoperlides. The fragments are, however, so small that we 
must await further information before forming a definite opinion 
as to these Protoperlides. 



CHAPTER XVIII 


AMPHIBIOUS NEUROPTEKA CONTINUED -OHONATA, DRAGON-FLIES 

Pam. VI. Odonata—Dragon-flies. 

(LIBELLULIDAE OF SOME AUTHORS; 

Klontjute Imects with very mohile It rad arid large eyes, v:Uh small 
and incompicaous antennae ending in a hrisile; with four 
elongate wings sub-equal in size and similar in texture, of 
qrapyraeeous eonsisteney and haring many vcinlets, so that 
there exists a large number of small cells. All the legs placed 
more anteriorly than the wings. The earlier stages of the 
life are aquatic; there is great change in the apipearance of 
the individual at the final ecdysis, hut there is no pupal 
instar. 

The dragon-flies form a very natural and distinct group of 
Insects. All the species are recognised with ease as l)elonging 
to the family. They are invariably j)rovided with wings in the 
l)erfect state, and many of them are amongst the must active of 
Insects. Their anatomy is, in several rcvspi^c’ts, very remarkable. 

The head is large and is concave behind; it is attached to 
the thorax in such a way that it rotates on two cervical sclerites 
that project forwards, and in some cases almost meet in a point 
in front; hence it possesses extreme mobility, the power of 
rotation being very great. 

The eyes are always large; in some cases they are even enor¬ 
mous, and occupy tlie larger part of the area of the head: the 
upper facets of the eye are in many cases larger than tlu 
lower, and in a few forms the line of division is sharply marked 
transversely. There aro. three ocelli, which, when the size of 
the compound eyes is not too great, are placed in the usual 
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manner as a triangle on the vertex; but in the forms where 
the compound eyes are very large the portion of the head 
between is, as it were, puffed out so as to form a projection just 
in front of where the eyes meet, and one ociellus is then j)laced 
on each side of this projec^tion, an antenna l)eing insert(?d (juite 
close to it; the third ocellus is placed in front of the projection 



Fio. 260 .—Anax fonnosus, Britain. (After Migiieaux.) (Tlic h*gs are not in a 
natural inisition.) 


we have mentioned, by which it is often much concealed; this 
anterior ocellus is in some cases of unusually large si/e, and oval 
or transverse in form. 

The parts of the mouth are very peculiar, especially the 
lower lip: we will briefly allude to its characters in the highly 
modified forms, piemising that in the smaller and less active 
species it is less remarkable. The Libellulidae are carnivorous, 
their prey Ixiing living Insects which are captured l»y the dragon¬ 
fly on the wing; it is Ijelieved that the mouth is largely instru¬ 
mental in the aipture, though the flight of these Insects is so 
excessively rapid that it is difficult, if not impossible, to verify 
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the action of the mouthpieces by actual observation. For the 
l)urpose of securing the i>rey a mouth that can change its 
capacity to a considerable extent and with rapidity is a desider¬ 
atum, and these equalities are present in the mouths of those 
Libellulidae that capture their prey while hawking. The uj)per lip 
is very mobile, is pendent, and closes the mouth iilxjve, while the 
lower lip entirely closes the under jiart by means of two mobile 
plates; these in some forms {Lihellula) meet together in tlie 
mesial line, while in others a third plate separates them in the 
middle ( Fig. 261,11, It). These plates are, according to (Terstaecker’s 
view,^ portions of the much changed labial palpi, the part that 
se])arates them in Aesrh na being the inner lol)es of thelalaal max¬ 
illae ; in Lihellula, where the dilated and valve-like joints of the 



Fig. 261.—a. Maxilla 
of LiMhila qumi- 
rimiculnta ; B, la- 
loum of Aeschna 
gnmdus. //, 

Palpus ; (7, ter¬ 
minal spine of 

palpus ; c, canlo ; 
?,stij)es; .s'.s(]uaina; 
h, outer loin* if 
maxilla, partly 

covered by, //, 

inner loin? ; ?«, 

mentum ; r, inter¬ 
vening lobe. (After 
Oerstaecker.; 


]»alj)i meet in the middle line, the labial lol>es remain small and are 
overlapped by the dilated ])ortions of the palpi. The maxillae 
])ro])er (Fig. 261, A) are less jicciiliar, their chief character being 
that the inner and outer loles are not seqmnited, and that the palpus 
is of only one joint. Some entomologi.sts take, howeviT, another 
view of this structure, looking on the palp-like outer jiart (p of 
our figure) as the true outer lolie of the maxillae, the i>alpus 
proqx^r being in that case considered to Ki entirely absent. The 
mandibles an*. vt*ry jiowerful, and armed with largely developed 
teeth. In the interior of the mouth theiv. is a large, free, semi- 
membranom lingua, the posterior part of its delicate inferior 
lamina lH*ing connwttHl with the mentum; the u])iK*r lamina of 
the lingua is strongt*r and is pilose. The antennae of the dragon¬ 
flies are alw^ays small, and consist of two stouter joints at the 
^ Fcstachrift Gfs, nnlurf, Ftrunde 1S7S. 
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base, and a terminal part which is very slender and pointed, and 
formed of four or five joints. 

The prothorax is always small; the pronotum is distinct, 
though in some forms it is quite concealed in the concavity of 
the back of the head; the sternum is small; the anatomy of the 
pleura and basal pieces of tlie legs is obscure. 

Tfie meso- and meta-thorax are very intimately combined,' 
and their relations are such tliat the fornuir is })laced much 

a])ove the latter. Tliis 
peculiarity is carried to its 
greatest extent in some of 
the Agrioninae (Fig. 2G2, 
A), wh(‘re not only are 
the wings i)laced at a 
considt'rable distance be¬ 
hind the three pairs of 
legs, but also the front 
pair of wings is placed 
almost directly abov(» the 
hind ])air. In the Anisop- 
terides tliese ])eculiariti(‘S 
art*, much less marked 
(Fig. 2G2, B), nevertheless 
even in them the tliree 
pairs of legs are placed 
quite in front of the wings. 
This j)eculiar structure of 
till*, wing-bearing segments 
Fm. 262.—A, Ayrion pulchdhim, natural «ize ; B, accoiUJianied by ail 
prottle; UllUSUal development of 

show position of legs. | natural size. < 

the pleuni, which, indeed, 
fictually form the larger part, if not nearly the whole, of the 
front region of the dorsfil aspect of these two segments. We 
shall not enter into more minute particulars as to the struc¬ 
ture of the thorax, for difference of opinion prevails as to the 
interpretation of the parts.^ The abdomen is remarkable for 
its elongation; it is never broad, and in some genera— Mecisio- 
(jastevy e,g ,—it attains a length and slenderness which are not 

' Roferofipe may be iiiodo to Calvert's recent payicr introductory to the study of 
Odonata, in Tr. Amer, ent, Soc, xx. 1893, pp. 159*161. 
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reached hy any other Iiisec^ta. It conaints of Uiii seguients and 
a pair of terminal calliper-like or flap-like procesaea of ^'ery 
various sizes and forms. 

The wings of tlie dragon-flies are usually trans])arent and 
provided with a multitude of small meshes. The liind wings 
are about as large as the front pair, or even a little larger; the 
main nervures have a sub-parallel course, and are }>la('ed in 
greater part on the anterior region of each wing. The relations 
of the more constant nervures and the ctdls of wliicli they are 
jiarts form a Cfimplex subject, and are amongst the most im- 
])ortant of the characters used in classifying these Insects. The 
wings are always elongate in conn)arison to their Ijieadth and 
hav(‘ no folds; they are lield partially extended, or are placed 
so as to jiroject bac'kwards, or backwards and outwards. They 
exhibit another p‘culiarily, inasmuch as the front or costal 
margin is slightly uneven IxTore or near the middle, giving 
ri.se to an aj»i)earance such as might result from the breaking 
and subse([uent mending of the marginal rib at the spot in 
(piestiou, which is called the nodu.s. In some forms a peculiar 
character exists in the shajie of a small opaque space called tluj 
membranule, lying close to the body of the Insect in the anal 
area of the wing, as shown in Fig. 2GO. 

The legs are slender and are chiefly remarkable for the 
Ix^autiful series of hair-like spines with which they are armed, 
and which in some forms Flatyi-nemis, Fig. 2G4) are of 
consideiable length. We believe that the legs are of great 
importance in cai)turing the prey, they Ixnng held somewhat 
in the i>osition shown in Fig. 2G2, C, The tarsi are three- 
jointed. In the male of Lihellaffo valiijuia the legs exhibit a 
remarkable condition, the tibiae l>eing dilated, and on the upper 
side of a vivid red colour, while Ixdow’ they are white. This 
coloration and form are each unusual in the family. Thi' male 
of riatycnemis pomipeSy a British sjxxdes (Fig. 2G4), sliow’s a 
similar dilatation of the tibiae, but to a less exUmt and without 
any great difterence in the colour of the two faces of the dilata¬ 
tion. This dilatation reacdies its maximum in 
dilatipes M‘Lach. The position of the legs in relation to 
the other parts of the body is peculiar to the dragon-flies; the 
legs seem to Ixi unfit for walking, the Insects never using them 
for that purpose. 
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Several peculiarities in the internal aiiatoiny deserve notice. 
The alimentary canal in Lihellula is about as long as the body, 
the oesophagus and chylific stoniacli being elongate, while tlie 
intestine is short and divided into only two parts; there is no 
definite proventriculus. Tlie Malpigliian tuludes are shorter 
than usual; they are about forty in numl)er. Tiie male lias no 
vesiculae seminales; the vasa deferentia are elongate, and tlie 
ejaculatory duct is very sliort, lieing in fact merely a common 
sinus formed by the terminations of the vasa deferentia. The 
opening of this duct is situated on the penultimate ventral plate; 
the orgiins of intromission are, however, ])lac(‘d miu^h antiirior 
to this, on the under side of the si^cond segment. The mode in 
which the fertilising fluid is transferred from the ninth to the 
second segment is not well understood, 1)ut it is known that 
the abdomen is flexed by the Insect so as to bring the nintli 
ventral plate into contact with the second. Tlie three thoracic 
ganglia of the nervous chain are fill contiguous, though not 
completely amalgamated; tlM‘. abdominal ganglia ai*e s(*ven in 
numlicr, and are all separated, the terminal one being largiu* than 
the others. Dufour, after re])eated dissections, was unable to find 
any salivary glands, but Olga Poletajewa ^ states that they (*xist. 

The Odonata must be ranked among the most highly- 
organised Insects so far as external structure and powers of 
locomotion are concerned; the peculiar modifications of the 
thoracic segments and the relative positions of the wings and 
legs mark a great departure from the normal type of Insect 
structure. Their prey consists of living Ins(*cts, which tlu‘y cap¬ 
ture on the wing by their own superior powers of flight. Tlay 
destroy a great many Insects, their appetite for food being, as in 
the (mses of the Mantidae and of the tiger-beetl(*s, ajijiarently 
almost insatialile. They are admirably constructi^d for the pur- 
po8(js of their predatory lives; they fly with great swiftness and 
change the direction of their flight with admirable facility. 
They are, however, dependent on sunshine, and conceal them¬ 
selves in dull and cloudy weather. The larger Insects of the 
family belong to the division Anisopterides (Fig. 260, Anax 
formosus), and some of these may, in our own country, usiuilly l)e 
seen, in the bright sunshine of the summer and autumn, engaged 
in hawking in their favourite haunts. Places where other Insects 
^ Horae Soc, ent, Jloaa, xvi, 1881, p. 3. 
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abound are naturally those most frequented; the glades of woods, 
country lanes and hedge-sides, the borders of streams and the 
margins of sheets of water are the plaw.^8 they most affect. They 
inspire the rustics with some feeling of fear, and lienee have 
r(‘ceived the name of horse-stingers,” and in North America are 
culli*d “ (levirs darning-needles.” The aversion to dragon-flies 
may jierhaps be due to their appearance, which is certainly, in 
the case of some of our species of Aeschna, Cordidegaster, and 
GowphuSf very reiiiarkabh», consisting of a dark ground-colour 
with bars and spots of vivid green or yellow, giving, it must be 
admitted, a peculiar, even savage appearance to the Insects. 
What()ver the riiasoii maybe, they are, it is certain, held in much 
fear, and it is diflicult to induce a country lad to touch one even 
when it is captun^d and held by another person. The idea of 
dragon-flies being dangerous to anything but their Insect victims 
is, however, (‘iitirely erroneous; they may be captured and 
handled without their inflicting any injury. It is probable that 
the life of the imago may endure for several weeks if not months. 
It is known that t>ympycna f usca —a common European though 
not Ih-itish dragon-fly—hibernates in the imago state. 

In the case of tlie large dragon-flies we have mentioned, eacli 
individual appears to have a domain, as it were, of its own. 
Westwood tells us that he has seen what he believed to be the 
same individual hawking daily for several weeks togetlau’ over a 
small pond. The writer obscTved a specimen of Curdidegaster 
anmdiffi/s to frequent a particular bush, to which it returned 
—frecpieiitly to the same leaf—after an excursion in search 
of food. The way in which these Insects actually seize their 

prey has not y(^t been made clear ; it is certain that they 

capture flying Insects, and it seems most probable, as we 
have already stiid, that this is dtme by means of the legs. 

These, as we have s<iid, are inserted so as to be very near 

to the mouth; they are directed forwards, and are held Inmt 
at right angles so as to form a sort of net, and are armed 
with a boiiutiful system of line spines; it is prolmble that 
if the dragon-fly ])ursue an Inswt on the wing and strike it 
with the trap, formed by its six legs (Fig. 202, C), then thestt 
immediately come togetluT under the mouth, so that the victim, 
directly it is captured by tlie leg-tnip of its pursuer, finds 
itself in the jaws of its destroyer. It is ix^rluips impossible to 
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verify this by actual observation, as the act of capture and trans¬ 
fer is so very brief and is performed in the midst of a rapid 
dash of flight, but it seems more probable that the i)rey is first 
struck by tlie legs than that the mouth is the primary instrument 
of capture. The excessive mobility of the head permits tlie victim 
to be instantly secured by the mouth, and the captured fly is 
turned about by this and the front pair of legs, and is nipped 
rapidly so that the wings and drier parts fall off; the more 
juicy parts of the prey are speedily squeezed into a little ball, 
which is then swallowed, or perhaps we should rather say that 
the mouth closes on it, and submits it to further pressure for the 



c 


Fio. 263. — Inner view of a portion of 
the left side of body of LiJt)dluU.t r/e- 
pressa^ showing a part of the raechaiiisni 
of flight, viz. some of the chitiiiou.s 
ridges at base of the ujiper wing, and 


extraction of the juices. We 
have already noted that many of 
these large and active dragon¬ 
flies, particularly in the labellu- 
linae and Aeschninae, have their 
eyes distinctly divided into two 
parts, the facets in the lower 
part of the eye being different 
from those of the upper part. 
Kxner considers ^ that the upper 
division is for the ])erception of 
movement, the lowtT for the 
perception of the form of rest¬ 
ing objects, riatcau thinks “ 
that the dragon-flies perceive 
only movement, not form. 

The splendid ticts of flight 
of the Anisoi)terid Odonata are 
accomplished by the aid of a 


some of the insertions of the tendons cf)mplex arrangtuneilt of chitill- 
of muscles. A, line of section through . i. i i pi 

base of upjier wing, the wing being pieces at the basCS of the 


supiK)sed to 1)6 directed Wkwards ; C, ^viims (Fig. 2G3\ III IllSectS 

upper }>ortion of inechanisni of the • t ^ , / 

lower wing ; 6, lever extending l>etween with considerable powers ot 


the pieces connected with the two wings. 
(After von Lendenfeld.) 


flight the hind wings are usually 
Bulxirdinate in functional im¬ 


portance to the anterior, to which they are attached by a series 
of hooks, or some other simple mechanism, on the wings. 


’ PhyawL faceU, Aug, 1891, p. 115. 

Bull, Ac, Belgique (3), xvi. 1888, No. 11, p. 31. 
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In the Odonata the two wings of each pair are quite free, but 
they are perhaps brought into correlative action by means of a 
lever of unusual length existing amongst the chitinous pieces in 
the body wall at the base of the wings (Fig. 263, b). The wing 
muscles are large; according to von I^ndenfeld ^ there are throe 
elevator, five depressor, and one adductor muscles to each wing: 
lie describes the wing movements as the results of the correlative 
action of numerous muscles and ligaments, and of a great num¬ 
ber of chitinous jiieces connected in a jointed manner. 

Amans^ has suggested that the mechanism of flight of the 
dragon-fly would form a suitable model for a flying-machine, to 
be propelled by electricity. 



Fia. 264.— Platycnemispennipes^ <5, Britain. 


Tlie Zygopterides—the second of the two divisions of the 
Odonata—are Inst'cts different in many respects from the large 
and robust Anisopterides. The division comprises the delicate 
Insects called “ demoiselles,” damsel-flies, by the French (Fig. 
262, A, and Fig. 264). Great power of flight is not possessed by 
these more fragile Insects; they flit alxiiit in the most gentle 
and airy manner from stem to stem of the aquatic plants and 
grasses that flourisli in the localities they love. To this group 
belong the fairy-like Insects of the genus Calepieryx, in which 
various parts of the body and wings are suffused with exquisite 

' SB. Ah. Wwn, Ixxxiii. 1881, pp. 289-376, pis. i.-vii. 

* Kcv. Sci. Aat, Montpeliicr (3), ii. p, 470. 
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metallic tints, while sometimes the two sexes of one species have 
differently coloured wings. The smallest and most delicate 
dragon-flies that are known are found in the tropics; some of 
the genera allied to Agrion consist of Insects of extraordinary 
fragility and delicacy. 

Although the mature Odonatii are so pre-eminently endowed 
for an aerial and active life, yet in the earlier stages of tludr 
existence they are very different; they are then, without excep¬ 
tion, of aquatic habits; though carnivorous also in this period 
of their existence, they are sluggish in movement, lurking in 
concealment and capturing their prey by means of a peculiar 
conformation of the mouth, that we shall subsequently descrilx?. 
Their life-histories are only very imperfectly known. 

The eggs are deposited either in the water or in the stem of 
some aquatic plant, the female Insect occasionally undergoing 
submersion in order to accomplish the act. The young on 
hatching are destitute of any traces of wings (Fig. 265), and the 
structure of the thoracic segments is totally different from what 
it is ill the adult, the rcHjtal respiratory system (Fig. 2G5, x), to 
which we shall subsequently allude, being, howevi?r, already present. 
The wings are said to make their first appearance only at the third 
or fourth moult. At this time the pleura of the second and third 
thoracic segments have grown in a peculiar manner so as to form 
a lateral plate (Fig. 266, B, shows this jdate at a later sUige), and 
the wing-pads ai)pear as small jirojections from the membranes at 
the upper margins of these pleural plates (Fig. 266, A, B). The 
platas increase in size during the subsequent stadia, and meet 
over the bases of the wing-pads, which also become much loiiger 
than they were at first. The numl)er of moults that occur during 
growth has not lieen observed in the case of any species, but they 
are lielieved to be numerous. There is no j)upa, nor is there any 
well-marked quiescent stage jirecculing the assumption of the 
winged form at the last eedysis, although at the latter part of its 
life the nymph appears to Ikj more inactive than usual. When full 
grown, the nymph is more like the future perfect Insect than it was 
at first, and presents the appearance shown in Figs. 266 and 270. 
At this stage it crawls out of the water and clings to some sup¬ 
port such as the stem or leaf of an aquatic plant; a few minutes 
after doing so the skin of the back of the thoracic region splits, 
and the imago emerges from the nyinphal skin. The nymphs 




XVIII 


DRAGON-FLIES 


419 


never have the body so elongate as the perfwit Insect, the differ¬ 
ence in this resp(x?t being frequently great, and the nymphs of 
the subfamily Libellulinae l>eing very broad (Fig. 2GO, nympli of 
IctiTvus sp.); consequently the creature on emergence from the 
nymph-skin is very much shorter than it will soon become. 



Fia. 265.—Larva ofjust hatched. «, Fl«. 266 .—Ictinus sp., iiyiu]>h, Hinia- 
a ganglion of the ventral chain ; </, dorsal lava. A, Dorsal, B, lateral view, 

vessel; ./*, tracheal network round rectum. (After Cabot.) 

(After Packard, P. Ilustun Soc. xi. 1868, 
p. 365.) 

Extension In^gins to take place almost immediately; it has been 
thought by some that this is acxjomplished by swallowing air; 
tliis is, however, uncertain. At first the wings have only the 
length of the wing-pads of the nymph, and their apical j)ortion 
is an unformed mass. The colour of the perfect Insect is not 
present when the emergence takes place. Tlie wing grows 
quickly until the full length is attained. In tlie genus Agrion 
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the expansion of the wings is accompanied by frequent eleva¬ 
tions and depressions of the body, and 
occupies an hour or so; the elongation 
of the abdomen is not so soon completed, 
and its brilliant colours do not appear 
for several hours. 

The mouth of the nympli bears a remark¬ 
able structure called the mask (Fig. 268). 
It is apparently formed by a l)ackward 
growth of the bases of the labium and lingua, 
a hinge being formed between the two at 
the most posterior point of tludr growth. 
The prolonged portions of these parts 
Fig. 267.-~Yoimg nymph of are free: usually the mask is folded under 

sp. (Cambridge) head, but it cau be unfolded and 
about fourth moult. 

thrust forw^ard, remaining tlum attached 
to the head by means of the more an ter im¬ 
parts of the lingua and by the maxillais 
the whole of the elongate apparatus be¬ 
ing, when used, extended from this anterior 
part of its attachment. The front parts 
of the labium form a prehensile appa¬ 
ratus armed with sharp teeth, so that the 
structures make altogether a very effectual 
trap, that can be extended in order to 
secure the ]u-ey. 

The fact that the dragon-fly passt^s 
suddenly, in the middle of its existence, 
from an aquatic to an aerial life, makes 
the condition of its respimtory organs a 
subject for inquiry of more than usual 
interest. Ildaumur was of opinion that 

the nymph was, in spite of its aquatic „ . 

existence, provided with an extensivcj hetui of Vaiepteryw virgo, 
system of stigmata or orifices for breath- '**1' 

ing air; this was, however, denied by line from which the mask 
Dufour, and his opinion seemed to be lower^^liimJro- 

SUpjlOrted by the fact that other means per ; <?, articulated lateral 
of obtaining air were diHcovered to exist 

in these nymphs. The inquiries connected with the respiration 
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of Odonata are still very incomplete, Init some interesting points 
have lieen ascertained, the most important of which is perhaps 
the existence in some forms of a 
respiratory system in connexion 
with the posterior part of the ali¬ 
mentary canal (Fig. 269). In the 
nymphs of Anisopterides the system 
consists of four main tmcheal 
trunks, traversing the length of 
the body, and ])y tlieir ramifica¬ 
tions and inoscidations forming an 
extensive^ ai)Y)aratuH. (.onnected 
with tlie four main trunks we 
liave described, there is a sliorter 
pair confined to the abdomen, 
where it su]»plies a large number 
of l)ranches to tlie walls of the 
stomacli. The dorsal pair of the 
main tubes give numerous sub¬ 
sidiary l)ranclies to the outside of 
the rectum, and the ventral pair 
furnish a smaller numl»er. The 
walls of the gut are penetrated by 
the braiH'hes, which inside the 
rectum form numerous loops; these, covered by a membrane, 
project into the interior in the form of multitudinous paiullae 
(/Kschninae). In the Lil)ellulinae the papillae are rephu‘ed by 
more flattened processes or lamellae. The structures attain a 
remarkable develoj)ment, there being in Aeschna cyaneu upwards 
of 24,000 Yiapillae. 

These rectal gills obtain air from water admitted into the 
iwtum for the purposti; the extremity of the body l)eing armed 
with j)r(»j(K*tions of variable form, that can be separated to 
allow ingress and egn‘ss of the fluid, or brought into close 
apposition so as to close the orifice. The waU*r so taken in 
can, by some species, l>e ejected with force, and is used CK'ca- 
sionally as a moans of locomotion. These rectal branchiae can 
absorb fn^e air, as well as air dissolved in water. If the fluid 
in which the creatures are placed has been previously boiled, 
so as to exjiel the air from it, the nymphs then thrust the 



Fio. 269.—Portion of traclieal system 
of nymph of Acmehna cifutua, 
Rj /f, /?, ret‘tum ; .1, anus ; 
dorsal ; tt\ ventral, tracheal tul>c*s ; 
.V, Malpighian tulais. (After Ous- 
talet.) 
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extremity of the body out of the water and so obtain a supply 
of air. 

Oustalet and Palnitui state that at the last ecdysis the 
lamellae, or the papillae, do not disappear, but remain quite 
empty, and are consequently funetionless, while on the tracheal 
trunks there are developed air vesicles to fit the creature for its 
aerial career. Hagen siiys that in Epitheca the whole structure 
of the gills is shed at the final moult 

The subject of the rectal branchiae of Lihellula has been dis¬ 
cussed and illustrated by 
(.'hun,^ who states that I^y- 
dig has made known that in 
l^hrijfjanm f/randis a structure 
is found connecting the r(K*tal 
branchiae of Libel in la with the 
rectal glands of some other 
Ipsects. AV’^e have not been 
able to find a confirmation of 
this in the writings of lA*ydig 
or elsewhere. 

In the nymphs of the 
Zygoptorides the highly-de- 
veloj)ed rectal branchiae found 
in the Aeschninae and Libel- 
liilinae do not exist, ami tlie 
respiration seems to l»e of a 
complex character. In one 
division of the Zygoi»terides 
- - Cahipteryginae — rectal 
Flo. 21Q.—Cnlejderj/x riryo, mature iiyiiipb, gills of ail imperfect character 

are said by Hagen and others 
to exist.^ The nyrnidis of the Zygopterides are ])rovided with three 
moliile processt',8 at tlu5 extremity of the body (Kig. 270); these serve 
the purjKjses of locomotion. They are Ixjlieved to possess also* a 
respiratory function, but tliis must l>e of an accessory nature, for 
the nyniiihs live after the removal of the princesses, and indeed 
reproduce them; the skin of these jirocesstis is harder than is 
usual in Insect gills. In the nymph of EnpJutea —a genus of 
Calepterygiiiae found in tropical Asia—there are also external 
* Abh. Senekenh, Oes, x. 1875 , p. 13 , pi. iii. * Zool, Am, iii. 1880 , p. 160 . 
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abdominal gills, and in this case respiration may, according to 
Hagen,^ take place in four different manners : (1) Ijy ten pairs of 
stigmata ; (2) by lateral branchiae well furnished with tracheae; 
(3) by caudal branchiae; (4) by rectal branchiae. It is further 
said that in this Insect tlie lateral Iranchiae persist in the imago. 

Altliough the means of respiration of the nymphs have l^een 
fairly well ascertained, yet the mode in whicli the nymph is 
prepared for the sudden change from the aquatic to aerial life 
is still obscure, tlie condition of the stigmata not l>eing 
thoroughly elucidated It appears probable, however, that the 
young nymph has no stigmata; that these organs appear in the 
course of its development, l)eing at first quite impervious, but 
Iwicoming—at any rate in the case of the larger and more im¬ 
portant j)air—oj)en previous to the final ecdysis. We have 
mentioned the contradictory opinions of liCiuimur and Dufour, 
and will now add the views of some modern investigators. 
Oiistalet says ^ tluit there are two pairs of spiracles in the 
nym])hs; tlie first pair is quite visible to the naked eye, and is 
situate between! pro- and meso-notum; it is in tlie nymph closed 
by a membrane. Tlie other pair of spiracles is placed above the 
posterior pair of legs, is small and completely closed. He dejes 
not state; what stage of growth was attained by the nymphs he 
examined. ralin(?u was of opinion that not only thoracic but 
abdominal spiracles exist in the nymph,® and that they are com- 
])letely closed so tliat no air enters them; lie says that the 
sjiiracles have tracheae connected with them, that at each moult 
the part closing the spiracles is shed with some of the taicheal 
exuviae attached to it. The breathing orifices are therefore for a 
short time at each ecdysis open, l)eing subsequently again closed 
liy some exudation or secretion. This view of ralmtbi's has been 
thought improbable by Hagen and Dewitz, who ojientted by 
placing nymphs in alcohol or warm water and observing the 
escape of bubbles from the spots where the supposed breathing 
orifices are situate. Both these observers found much difference 
in the results obtained in the crises of young and of old nymphs. 
Hagen concludes that the first pair of thoracic spiracles are 
functionally active, and that abdominal stigmata exist though 

* CR, Soc, ent. Rclgiqu^, xxiii, 1880, p. Ixvii. 

* Ann. Sci. Xaf. (5) xi. Zoof. 1809, j>. 377. 

* Zur Morpholaqir iie* Tvy/'h4^rn,sifst^'}ns, 1877. )*. 38. 
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functionless; he appears to be of opinion that when the first 
thoracic stigma is closed this is the result of the abutting against 
it of a closed trachea. Dewitz found ^ that in the adult nymph 
of Aeschna the thoracic stigma is well developed, while the other 
stigmata —to what number and in what position is not stated— 
are very small. In a half-grown Aeschnid nymidi he found the 
thoracic stigma to be present in an undeveloped form. On placing 
a full-grown nymph in alcohol, gas escaped from the stigma in 
question, but in immature nymphs no esciipe of gas occurred 
although they were subjected to a severe test. A specimen that, 
when submitted to the above-mentioned immersion, emitted gas, 
subsequently moulted, and thereafter air escjixped from the 
spiracle previously impervious. The observations of Hagen and 
Dewitz are perhaps not so adverse to the views of ralmen as has 
been supposed, so that it would not l)e a matter for surprise* if 
Palmen's views on this point should be shown to Ik* <piite correct. 

The numl)er of species of Odonata or Lil)elluli<lae that have 
been descriVjed is somewhat less than two thousand, but constant 
additions are made to the numl)er, and when the smaller and more 
fragile forms from the tropics are collected and workt‘d out it will 
probably te found that the numl)er of existing spei it^s is somewliere 
tetween five and ten thousiind. They are distributed all over 
the world, but are most numerous in species in the warmer regions, 
and their predominance in any one lociility is very much n^gulated 
by the existence of waters suitable for the early stages of their 
lives. 

A good work on the Ihitish Odonata is still a dtisideratum.'^ 
In Britain about forty-six species are belhived to be native. They 
are said to be of late years less numerous than they used to be. 
Notwithstanding their great jiowers of flight, dragon-flies are 
destroyed by birds of various kinds; several hawks are said to 
very fond of them, and Mero^s persicus to line its nest with their 
wings. The number of Insects killed by dragon-flies in places 
where they are abundant must be enormous; the nymphs, too, 

^ Zool. Anz, xiiL 1890, p. 500. 

^ * The following works convey the beet information : Evans's Britwh Lihellulinac or 

Dragcm^Jliea^ illustrated in a series of lithographic drawings, 1845. Hngcn, ** A 
Synopsis of the British Dragon-flies," in Knto^nologUW Annual^ 1857. M‘Lachlan, 
CaUdi}guR of the British Neuroptera^ published by the Entomological Society of London 
in 1870; and “The British Dragon-flies annotated," ErUom, Month, Mag, xx, 1884, 
pp. 251-256. 
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are very destructive in the waters they inhabit, so that dragon¬ 
flies have no doubt been no mean factor in maintaining that 
important and delicate balance of life which it is so difticult 
for us to appreciate. The nymphs are no dou})t canniljals, 
and this may perhaps be an advantage to the 8X)ecies, as the eggs 
are sometimes dei>osited in large numbers in a limited body of 
water, where all must j^erisli if the nymj)hs did not, after exhaust¬ 
ing other food, attack one another. Martin, speaking of the 
Odonata of the D(5j)artement de I’lndre in France, says:^ “The 
eggs, larvae, and nymj)hs are the X)rey of several fishes, snakes, 
newts, Coleoptera, aquatic Hemiptera, and of some diving birds. 
Sometimes the destruction is on a consideral)le scale, and one 
may notice the dragon-flies of some piece of water to diminish 
gradually in nunil)ers, while the animals tliat ])rey on them 
increase, so that a 8x#ecies may for a time entirely disa])}iear in 
a j)articular sx)ot, owing to the attacks of some enemy that has 
])een specially i)rosx)erous, and also eager in their pursuit. De 
Selys found that from a pond filled with carj), roach, f)erch, 
and eels, several of the dragon-fly denizens (lisax^X>eared directly the 
bream was introduced.” On the other liaiid, there can be little 
doubt that the nymx)h8 are sometimes injurious to fisli; it has 
Ikkui recorded that in a x)iscicultural establishment in Hungary 
50,000 young fishes were j)ut into a i^ond in spring; in the 
following autumn only fifty-four fish could be found, but there 
were ])resent an enormous quantity of dragon-fly nymx)hs. 

Odonata are among the few kinds of Insects that are known 
to form swarms ami migrate. Swarms of tliis kind have l)een 
frequently observeil in Eurox^e and in NiUth America; they 
usually consist of sx)ccies of tlie genus Libellnla, but sx)ecies of 
various other genera also swarm, and sometimes a swarm may 
consist of more than one sxxxdes. Z. qimdrimamiata is the si>ecies 
that xx--rkax>s most frequently forms these swarms in Euroi)e ; 
a large mignition of this 8X)ecies is said to occur every year in 
the Charente inferieure from north to south.*^ It is needless to 
say that the instincts and stimuli connected with these migiations 
are not understood. 

The nymphs arc capable, under certain circumstances, of 
accommodating tliemselves to very x^^'^diar conditions of life. 
The Sandwich Islands are extremely x>oor in stagnant waters, and 
* Jiev. cTEfUomoL v. 1886, p. 232. ^ Rivcau, FeuiUc Xaf. xii. 1882, j>. 123. 
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yet there exist in this remote archipelago several highly 
peculiar species of Agriouinae. Mr. K. (A L. Perkins has 

f recently discovered that the nymphs of some 
of these are Ciipable of maintaining their 
existence and completing their development 
in the small collections of water that accumu¬ 
late in the leaves of some lilies growing on 
dry laud. These nymj)h8 (Fig. 271) have a 
shorter mask than occurs, we l)elieve, in 
any other Odonata, and one would sxippose 
that they must frequently wait long for a 
meal, as they must be d(q>endeiit on stray 
Insects becoming immersed in these tiny 
reservoirs. The cannibal liabits of the 
Odoiiiita prohalily stand those lily-dwellers 
short mask, living in in good Stead ; Mr. l\*rkins found that there 
waiian Islands. x3. '^ere sometimes two or three nymphs ot 
different sizes together, ami we may suspect 
that it sometimes goes hard with the smaller fry. The extension 
in the length of the body of one of these lily-fre([uenting Agrions 
when it leaves the water for its aerial existence is truly extra¬ 
ordinary. 

The Odonata have no close relations with any other group of 
Insects. They were associated by I.,atreille with the Ephemeridae, 
in a family called Subulicornia. The members of the two groujis 
have, in fact, a certain resemblance in some of the features of 
their lives, especially in the sudden change, without intermediate 
condition, from a<|uatic to aerial life; but in all imj)ortant points 
of structure, and in their dispositions, dragon-flies and may-flies 
are totally dissimilar, and there is no intermediate group to 
connect them. We have already said that the Odonata consist 
of two very distinct divisions—Anisopterides and Zygopterides. 
The former group comprises the subfamilies Oomphinae, ('ordu- 
legasterinae, Aeschninae, Corduliinae, and Lil)ellulinae,—Insects 
having the hinder wings slightly larger than the anterior pair; 


while the Zygopterides consist of only two subfamilies—Calep- 
teryginae and Agrioninae; they have the wings of the tw’o pairs 
equal in size, or the hinder a little the smaller. The two groups 
Gomphinae and Calepteryginae are each, in several respects, of 
lower development than the others, and authorities are divided 
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in opinion as to which of the two should be considered the more 
})riiriitive. It is therefore of much interest to find that there 
exists an Insect that shares the characters of the two primitive 
subfamilies in a striking manner. This Insect, PalaeophUMa 
sujterstes (Fig. 272), has recently l)een discovered in Japan, and 
is ])erha])S the most interesting dragon-Hy yet obtained. ]Je 
Selys I.ongchamps n^fers it to the subfamily Calepteryginae, on 
account of the nature of its wings; were the Insect, however, 
dej)rived of tliese organs, no one would think of referring Palaeo- 
phlehia to the group in question, for it has the form, colour, and 
appearance of a Gomphiiie Odonate. Moreover, the two sexes 


Fig. 272. — Pcilato- 
phlehUi snperstes. 
A, The In.seet with 
wings of one side 
and with two leg.s 
removed ; B, front 
view' of heail of 
female; C,nf male. 
(After De Selys.) 


c 

differ in an im])ortaiit cbaracter,—the form of the head and eyes. 
In til is r(*spt»ct the temale resembles a Gomphine of inferior 
development; wliile the male, by the shajie and large size of 
the (H.*ular organs, may lie considered to combine the characters 
of Gomphinae and (^ilepteryginae. The Insect is very reinark- 
abh*, in colour, the large eyes iHung red in the dead e.xumples. 
We do not, however, know what may l>e their colour during life, 
its only one pair of the species is known, and there is no record 
as to the life-history and habits. De Selys considers the nearest 
ally of this Insect to be HeterophleMa dislocata, a fossil dragon¬ 
fly found in the T.,ower Lias of England. 

Numerous fossil dragon-flies are known; the group is well 
represented in the Tertiary strata, and specimens have lieen 
found in amber. In strata of the Secondary age these Insects 
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have been found as far back as the Lower Lias; their remains 
are said to exist in considerable variety in the strata of that 
epoch, and some of them to testify to the existence at that period 
of dragon-flies as highly specialised as those now living. Accord¬ 
ing to Hagen ^ Platephernera antiqua and Gerephernera simplex, 
two Devonian fossils, may be considered as dragon-flies; the 
evidence as to this appears inadequate, and Brongniart refers the 
latter Insect to the family Iflatypterides, and considers Plate- 
phemera to be more allied to the may-flies. 

One of the most remarkable of the numerous discoveries lately 
made in fossil entomology is the finding of remains of huge Insects, 
evidently allied to dragon-flies, in the Carboniferous strata at Com- 
mentry. Brongniart culls these Insects Protodonates,^ and looks on 
them as the precursors of our Odonata. Meganeura monyi was 
the largest of these Insects, and measured over two feet across the 
expanded wings. If M. Brongniart be correct in his restoration 
of this giant of the Insect world, it much resembled our existing 
dragon-flies, but had a simple structure of the thoracic segments, 
and a simpler system of wing-nervures. On 276 we figured 
Titanophasma fayoli, considered by Scudder and Brongniart as 
allied to the family Phasmidae, and we pointed out that this 
supposed alliance must at Ixist have Ixien very remote. This view 
is now taken by M. Brongniart liimself,^ he having removed the 
Insect from the Protophasmides to locate it in the Protodonates 
near Meganeura. There appears to btj some doubt whether the 
wings supposed to Ijelong to this specimen were really such, or 
belonged rather to some other sj)ecies. 

’ Bull, ^fu^, Harvard, \aii. 1880-81, p. 276. 

* Inscctcafossilcs, p. 394. * Insectcs fossilcs, p. 396. 



CHAPTER XIX 

AMPHIBIOUS NEUR01*TEUA CONTIXUED -EPIIEMERIDAE, MAY-FLIES 

Fam. VII. Ephemeridae—May flies. 

Delicate Insects with atrophied month and smally short antennae; 
with fitur memhranous winps 
havinf/ much minute cross- 
vemmff; the hinder pair very 
much smaller than the other 
pair, sometimes entirely absent: 
the body terminated by three 
or two very elonyate slender 
tails. The earlier stages are 
passed through in watery and 
the individual then differs 
greatly in appearance from 
the ivinged Insert; the passage 
between the two forms is sud¬ 
den ; the creature in its first 
winged state is a subimagoy 
which by shedding a delicate 
skin reveals the final form of 
the individual. 

The may-flies are well known—in 
literature—ti8 the types of a brief ...ale, 

and ineffective life. This supposed 

brevity relates solely to their existence in the winged form. In 
the earlier stages the may-fly is so unlike its subsequent self 
that it is not recognised as a may-fly by the uninitiated. The 
total life of the individual is really quite as long as that of most 
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other Insects. The earlier stages and life-histories of these 
Insects are of great importance. The perfect Insects are so 
delicate and fragile that they shrivel innch in drying, and are 
very difficult to preserve in a condition suitable for study. 

The mouth of the imago is atrophieil, the trophi scarcely 
existing as separate parts. Packard says that in Palingenia 
hilineata he could discover no certain traces of any of tlui mouth- 
parts, but in Leptoplihhia ciipida he found, as he thought, the 
rudiments of the maxillae and labium, though not of the mandibles. 
The antennae are always short, and consist of one or two thick 
basal joints succeeded by a delicate needle-like segment, which, 

though companitively long, is 
not divided. The (Mjidar organs 
are remarkable for their large 
size and complex dev(‘loi>ment; 
they are always larger in the 
male tlian they are in the 
female. The compound eyes of 
the fornu*r sex are in ceilain 
species, vjj. Cloeon (Fig. 274), 
(piite dividtal, so that each eye 
becomes a pair of organs of a 
different character ; one part forms a pillar facetted at its summit, 
while the other part remains as a true eye ])laced on the side of 
the head; in front of these compound eyes there art^ three (K-elli. 
Thus the Insect comes to have three different kinds of eyes, 
together seven in numljer. 

The prothorax is small, the pronotum being, however, ([uite 
distinct. The inesothorax is very large; its notum forms by far 
the larger part of the upper surface of the tlioracic region, the 
metathorax being small and different in structure, resembling 
in appearance a part of the (ibdomen, so that the hind wings 
look as if they were attfiched to a first abdominal segment. The 
mesosternum is also disproportionately large in comparison with 
the homologous piece preceding it, and with that following it. 
The pleural pieces are large, but their structure and disposition are 
only very imperfectly understood. The coxae are small and are 
widely.separated, the anterior being, however, more elongate and 
approximate than the others. The otlier parts of the legs are 
slender; the number of joints in the tarsi varies from five to one. 


Fio. 274.—Front of head of Clo^on^ male, tr 
Pillared eye ; A, ses.sile eye ; c, ocellus. 
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The legs throughout the family exhibit a considerable variety of 
structure, and the front pair in the males of some species are remark¬ 
ably long. The abdomen is usually slender, and consists of ten 
segments; the terminal one }>ears three, or two, very long flexible 
appendages. The first dors^il plate of the abdomen is either 
wanting or is concealed to a considerable extent by the meta- 
notum. The wings 
are peculiar; the an¬ 
terior pair vary a 
great <leal in their 
width, luit are never 
very long in propor¬ 
tion to the width; 
tlie hind pair are 
alw’ays dis])ropor- 
tionately simill, and 
sometimes are quit(i 
wanting. The vena¬ 
tion consists of a few 



Fxj. 275.—Wings of Ephemera danica. (After Eaton.) 


or of a moderate number, of delicate longi¬ 
tudinal v(*ins that do not pursue a tortuous course, but frequently 
are gracefully curvcnl, and form a system of approximately similar 
curves, most of the veins being of considerable length ; close to the 
anterior margin of the wing there are two or three sub-parallel 
V(uns. Frequently there are very numerous fine, short cross- 
veinlets, but tliese vary gre^itly and may be entirely wanting. 

The eaiiicu’ stages of the life of Ei)hemeridae are, it is believed, 
in the case of all the s])ecies, aquatic. May-flies, indeed, during 
the period of their post-embryonic development are more modified 
for an acpiatic life than any other Insects, and are provided with 
a com})lex apparatus of tracheal gills. The eggs are committed 
to the waters without any care or foresight on the part of the 
parent fli(\s, thus the embryonic development is also aquatic; 
little, however, is known of it. According to Joly' the process 
in PdJinycnia vinjo is slow. The larva on emerging from the 
egg has no respiratory system, neither could Joly detect any 
circulation or any nervous system. The creature on emergence 
is very like Campodea in form, possessing long antennae and tiiils 
—caudal setae. Owing to the organisation l)eing inferior, the 

creature in its earlier stages is called a larvule; in its later stages 
* Mem, Ac, Set. Touiause (7), iii. 1871, p. 379. 
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it is usually spoken of as a nymph, but the term larva is also 
frequently applied to it. Soon the gills begin to appear in the 
form of small tubular caeca placed in the posterior and upper 
angles of the abdominal rings; in fifteen days the gills begin to 
assume their characteristic form, are penetrated by tracheae, and 



Fia.276.— dipterum} Wing-sheath Fia. 277.—Larvule of Clo^on 

of left side, gills of right side, removed ; dimidiaiwn. (After Lub- 

tracheal gills. (After Vayssiere.) bock.) 


the circulation can be seen. The amount of growth accomplished 
after hatching Ijetween March and September is hut small. 

The metamorphosis of Cloeon has been described by Sir John 
LubljKXjk; he informs us that the young creature undergoes a 
constant and progressive development, going through a series of 
more than twenty moults, each accompanied by a slight change 
of form or structure. His observations were made on captured 

^ In reference to a doubt aa to the name of this nymph cf. Eaton, TV. Linn. 
Soc. Zool. (2) iii. ^j. 20. 
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specimens, so that it is not certain that what lie calls ^ the first 
stage is really such. He found no tracheae in the earliest stages; 
the small first rudiments of the gills liecame visible in the third 
stage, when there were no tracheae; the fourth instar possessed 
tracheae, and they could be seen in the gills. The wing rudi¬ 
ments could first be detected in the ninth and tenth stages. I'he 
changes of akin during the winter months are separated by 
longer intervals than those occurring at other periods of the year. 

The nymphs differ greatly in the structure and arrangement 
of their traclu^al gills, and display much variety in their general 
form and habits; some of them are very 
curious creatur(\s. l*ictet“ divides them 
in accordance with tln*ir habits into four 
groups: (1) Fossorud larvae: these live 
in the banks of streams and excavfite 
burrows for shelter; they ai’e of cylin¬ 
drical form, possess robust legs, abundant 
gills at the sides of the body, and 
frecpiently processes ])rojecting forwards 
from the head: examples, Ejihemera (Fig. 

27<S) and Palingen.ia, (2) Flat larvae: 
these live attached to iwks, but run with 
rapidity when disturbed ; they prefer rapid 
streams, hiive the breathing organs at¬ 
tached to the sides of the body and not 
re}K)sing on the back; they are exclu¬ 
sively carnivorous, while the fossorial 
forms are l»elie\'ed to obtain their nutri¬ 
ment by eating mud: example, BaHis. 

(?t) Swimming larvae: elongate delicate 
creatures,with feeble legs, and with strongly 
ciliate<l caudal setae : example, Cloeon (Fig. 

276). (4) Climbing larvae: these live in 

slowly-moving waters, especially such as 
have much slimy mud in suspension, and yiq, 278.—Adult uymph of 
they have a habit of covering them- Xph^memruiifata, (AOer 
selves with this mud sometimes to such 
ail extent as to liecome concealed by it: example, Potamantlius. 

' Tr. Linn. Soc. xxiv. 1863, p. 62, and xxv. 1866, p. 477. 

* Hist. Nat. Neurept. JEpkiniirines^ 1843, p. 24. 

2 F 
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The anatomy of the nymphs has been treated by Vayssifere,^ 
who arranges them in five groups in 
accordance with the conditions of the 
tracheal gills: (1) The gills are of large 
size, are exposed and furnished at the 
sides with respiratory fringes: ex- 
ample, jFpAmmt (Fig. 278). (2) The 
branchiae are blade-like, not fringed, 
and are exposed at the sides of the 
body: example, Cloeon(¥ig. 276). (3) 
The rea])iratory tubes are placed on 
the under surface of plates whose 
upper surface is not respiratory: ex¬ 
ample, Olir/oneitna f/(triunnica (Fig. 
279). (4) The cantcu-ior gill is modi¬ 

fied to form a plati^ that covers the 
others: example, Trivorythus (Fig. 
282, B). (5) The gills are concealed in 
a respiratory chaml)er: examj)le, iVeso- 
pistoma 280). The last of these 
^ nvmphs is more completely adai)ted 

garumnica, France, f/a ami </„ for ail aquatic lile than any other 
(Aft^r lusect at })resent known; it was for 

huig su])pos<*d to be a Orustacian, but 
it has now l)t*en shown to l)e the early stage of a may-fly, 
the sub-imago having ljt?en rimred from the nymph. The 
carapace by which the larger part of the l)ody is covered is 
formed by the union of the pro- and meso-thorax with the sheaths 
of the anterior wings, which have an unusually extensive develop¬ 
ment; under the carapace there is a respiratory chamber, the 
floor and sides of which are formed by the posterior wing- 
aheatlrs, and by a large plate composed of the united nota of the 
metathorax and the first six abdominal segments. In this 
chamber there are placed five pairs of tracheal gills; entraikM 3 of 
water to the chamU^r is effected by two laterally-placed orifices, 
and exit by a single dorsal aperture. These nymi>hs use the 
body as a sucker, and so adhere strongly to stones under water. 
When detached they swim rapidly by means of their caudal 
setae; the form of these latter organs is different from that 
* Ann. Sci. Nat. Zool. (6) xiii. 1882, pp. 1-137, pl». 2-11. 
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of other Ephemerid nymphs. This point and other details 

of the anatomy of this creature have heen —, 

described in detail by Vayssiere.^ These 
nymplis have a very lii^hly developed tracheal 
system; they live in rajnd watercourses / W 

attached to stoiu‘8 at a depth of three to six E | j 

inches or more under tlui water. Species of | | | j] 

Prosopistoma (X‘dir in Europ(‘, Madagascar, 'k V < 
and AVest Africa. 

According to Eaton,“ in the nymphs of 
some Ephemeridae the rectum serves, to a 
certain extent, as a respiratory agent; he con- 
siders tliat water is admitted to it and ex- 
jxdled after the manner we liave described in 
Odonata, p. 421. ,, 

’ ^ Fio. 280. — Prosopi- 

The internal anatomy of the nymphs of stoma punctifrons, 

Ephemeridae shows some ])oints of extreme (Afw v vs 


interest. The long 


. 280. — Prosojn- 

stoma pvncti/ronSf 
nymph. France. 
(After Vayssiere.) o. 
Orifice of exit from 
respiratory ehamljer. 


_I caudal S(‘tae are respiratory enanu^r. 

\t/ ^ respiratory organs of a kind tliat 

. I is almost if not cpiite without 

\u ^.' jiarallel in the other divisions of 

^.liisecUi. TIic clorsitl vessel for the 

^. ^ circulation of the blood is elongate, 

^ A wWnn chambers are arranged one 

Fm. 281.-A, I.a*t three aMonunal to each segment of tlic body. It 
segments ami bases of the three drives the blood forwurds ill the usual 

tenon: r, .lorsal vessel; kl. aslia i»anner, blit tile posterior cbamlK>r 

thereof; terminal chain- possesses tlircc blood-VesseLs, Olie of 

lier of the dorsal vessel with its ... . , i i i i 

entrance fi ; ft, blood-vessel of the Yrluch is pioloilged illto eucll caiulal 

left caudal jirocess; B, twenty- geta. This terminal chainlH'r is so 
sixth joint of the left cainlal pro- ,, , , 

cess from iielow; ft, a |K)Ttiou of arranged as to drive the blo(xl back- 

the biooil-vessel; o, oriiice in the ^yurds iiito the vessels tif the setae ; 
latter. (After Zimiiierinann.) , 

on the under surtace ot the vessels 
there are oval orifices by which the hknxl escapes into the 
cavity of the seta so as to Ix^ submitted to the action 
of the surrounding medium for some of the purpost's of 
respiration. This structure has been descrilxd by Zimmer- 


Fio. 281.— A, Last three alMlondnal 
segments and bases of the three 
caudal processes of C/oeon (/ip~ 
tentm : r, tlorsal ve.ssel ; ostia 


^ Ann, Set, Xat Zool, (7) ix. 1890, pp. 19-87, pis. 2-5. 
* Ann, Nat, Hist, (3) xviii. 1868, p. 145. 
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mann/ who agrees with Creutzberg ^ that the organ by which the 
blood is propelled into the settle is a terminal chamber of the 
dorsal vessel; Verlooren,^ who first observed tliis acjcessory system 
of circulation, thought the contractile chamber was quite separate 
from the heart. The nature of the connexion b(‘tween this 
terminal chamber tliat drives the blood btickwards and the 
other chambers that propel the fluid forwards appears still to 
want elucidation. 

The nymphs of tlie Ephemeridae being creatures adapted for 



FlO. 282.—A, Nymph of Ejihemf.reUa itjvita 
with gills of left side rt*inove<l; gills ; 
B, nymph of Triayrythvs sp, with gill 
cover of right side removed ; //.r, gill cover; 
gills. (After Vayssiere.) 


existence in water, tlie details 
of their transformation into 
creatures liaving an entirely 
aerial existence ciinnot but be 
of much interest. In the 
nymphs the tracheal system is 
well developed, but differs from 
that of air-breathing Insects 
in the total abstuice of any 
sjuracles. Palnuhi has inves¬ 
tigated this subject,and finds 
that the main longitudinal 
tracheal trunks of the body of 
the nymph are not connected 
with the skin of the body by 
tracheae, but are attached 
thereto by ten pairs of slender 
strings extending between the 
chitinous integument and the 
tracheal trunks. When the 
skin is shed these strings—or 
rather a chitinous axis in each 


one—are drawn out of the body, and bring with them the chitinous 


linings of the tracheae. Thus notwithstanding the absence of spir¬ 
acles, the body wall is at each moult pienjed by openings’that 


extend to the tracheae. After the ordinary moults these orifices close 


immediately,but at the change to the winged state they remain open 
and form the spiracles. At the same time the tracheal gills are com- 


^ ZcUnckr, tviss, ZooL xxxiv. 1880, p. 404. 

* Awrv. NaL Hist. (5) xv. 1885, p. 494. ^ Mem. Cour. Ae. Brig. 4to, xix. 1847, p. 1. 

* Zur Morphologie des TrackeensysU'tns^ Helsingfors, 1877, pp. 1-20. 


XIX 


MAY-FLIES 


437 


pletely shed, and the creature is thus transformed from a water- 
breatlier to an Insect breathing air as usual. In addition to this 
change there are others of great importance, such as tlie develop¬ 
ment of the grent eyes and the complete atrophy of the mouth- 
parts. The precise manner of these changes is not known; they 
occur, liowever, within the nymph skin. The sudden emergence 
of the winged Insect from tlie nymph Ls one of tlie most 
nunarkable facts in the life-history of the may-tly; it has Ijeen 
ol)served by Sir John Lubbock,^ who descrilxjs it as almost in¬ 
stantaneous. The nymph floats on the water, the skin of tlie back 
opens, and the winged Insect flies out, uj^wards and away; 

from the moment when the skin first cracks not ten seconds are 
over before the Insect has flown away.*' The creature that thus 
esca})es lias not, however, quite completed its transformation. It 
is still enveloped in a skin that compresses and embarrasses it; 
this it ther(*fore rapidly gets rid of, and thus becomes the 
imago, or final instar of the life-cycle. The instar in whicli the 
creature exists winged and active, though covered with a skin, is 
called the sub-iinago. The parts of the body in the sub-imago are 
as a whole smaller than they are in the imago, and the coh>ur is 
more dingy; the appendages—wings, legs, and caudal setae—are 
generally considt*rably shorter than they are in the imago, but 
attain their full length during the process of extraction. The 
creatures being, according to Kiley, very impatient and i*ager to 
take to the wing, the completion of the shedding of the skin of 
the sub-imago is sometimes performed while the Insect is Hying 
in the air. 


The food of young Kphenieridae is apparently of a varied and 
mixed nature. Eaton says^' 
that though sometimes the 
stronger larvae devour the 
weaker, yet the diet is even 
in these cases i)artly vege¬ 
table. The alimentary canal 
freqiuuitly contains much 

mud , Veiy small organisms, 283.—Lingua of Heptagtnut 

such as diatoms and con- x 16. Central; /, lateral i-ieces. (After 

fervae, are thought to form 

a large jiart of the bill of fare of Ephemerid nymphs. Although 
* Tr* Linn, Soc, xxv. 1866, p. 483. * Ann, 2^at, Hi^, (3) xviii. 186t), p. 145. 
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the mouth is atrophied in the imago, yet it is highly 
developed in the nymplis. This is especially notable in the 
cfise of the lingua or hypopliarynx (Fig. 288); indeed Vayssiere^ 
seems to incline to the opinion that this part of the mouth may 
be looked on in these Insects as a pair of appendages of a head- 
segment (see 96 ante), like the labium or maxillae. 

The life-lii .tory has not l)eeu fully ascertained in the case of 
any species of may-fly; it is known, however, that the develop¬ 
ment of the nymph sometimes occupies a considerable ])eri(xl, and 
it is tliought that in the case of some species this extends to 
as much as three years. It is rare to find the post-embryonic 
development of an Insect occupying so long a period, so that we 
are justified in s^iying tluit brief as may be the life of the may¬ 
fly itself, the period of preparation for it is longer than usual. 
Reaumur siiys, speaking of the winged fly, that its life is so short 
that some species never see the sun. Th(*ir emergence from the 
nymph-skin taking place at sunset, the duties of the generation 
have l)een, so far as these individuals are concerned, completi*d )x*fore 
the morning, and they die Ixfore sunrise. He thinks, indeed, 
that individuals living thus long are to be looked on as Methuselahs 
among their fellows, most of whom, he siiys, live only an hour or 
half an hour.^ It is by no means clear to whic^li species these 
remarks of R(5aumiir refer; they are doubtless comjct in certain 
cases, but in others the life of the adult is not so very short, and 
in some species may, in all probability, extend over three or four 
days; indeed, if the weather undergo an unfavourable change so 
as to keep them motionless, the life of the flies may be prolonged 
for a fortnight. 

Tlie life of the imago of the may-fly is as remarkable as it is 
brief ; in order to comprehend it we must refer to certain peculi¬ 
arities of the anatomy with which the vital phenomena are con¬ 
nected. The more important of these are the large eyes of the 
males, the structure of the alimentary canal, and that of the 
reproductive organs. We have already remarked that the parts 
of the mouth in the imago are atroxihied, yet the canal itself not 
only exists but is even of greater capacity than usual; it a])pear8 
to have much the same general arrangement of parts as it had in 
the nymi)h. Its coats are, however, of great tenuity, and according 

' Ann. Sci. Nat. Zool. (6) xiii. 1882, p. 113, 

* Reaumur, Mem. vi. 1742, p. 467. 
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to Palmdn ^ the divisions of the canal are separated by changes 
in the direction of certain portions anterior to, and of others 
posterior to, its central and greater part—the stomach—in such 
a manner that the portions with diverted positions act as valves. 
The stomach, in fact, forms in the interior of the l>ody a delicate 
capacious siic; when movement tends to increase the capacity of 
tlie body cavity then air enters into the stomachic sac by the 
moutli orifice, but when muscular contractions result in pressure 
on the sac they close the orifices of its extremities by the valve¬ 
like structures we have mentioned above; the result is, that as 
complex movements of the l)ody are made the stomach becomes 
more and more distended by air. It was known even to the old 
naturalists that tlie dancing may-fly is a sort of balloon, but they 
were not ac([uainted with the exact mode of inflation. Palm^n 
says that in addition to tlie valve-like arrangements we have 
descrilHHl, the entry to the amal is controlled l)y a circular muscle, 
with which are connected radiating muscles attached to the walls 
of the head, Palin(5n’s views are adopted, and to a certain extent 
confirmed, by Fritze,^ who has examined the alimentary canal of 
the may-fly, and considers that though the normal parts of the 
canal exist, the function is changed in the imago, in which the 
canal serves as a sort of l)alloon, and aids the function of the 
reproductive organs. The change in the ciinal takes ])lace in an 
anticii)atory manner during the nymph and sub-imago stages. 

The sexual organs of Ephenieridae are remarkable for their 
simplicity; they are destitute of the accessory glands and diver¬ 
ticula that, in some form or other, are present in most other 
Insects. Still more remarkable is the hict that the ducts by 
which they communicate w ith the exterior continue as a pair to the 
extremity of the Inxly, and do not, as in other Insects, unite into 
a common duct. Thus in the female there is neither bursa copu- 
latrix, receptiiculum seminis, nor uterine portion of oviduct, and 
there is no trace of an ovipositor; the terminations of the ducts 
are placed at the hind.margin of the seventh ventral plate, just 
in front of which they are connected by a fold of the integu¬ 
ment. The ovary consists of a very large number of small egg- 
tulHjs seated on one aide of a sac, which forms their calyx, and 
one of whose extremities is continued backwards as one of tlie 


* Vber tmirige Ans/lkhrsgdnge^ etc., Helsingfors, 1884, p. 63. 

* Ber, Oea, Freiburff, iv. p. 5 ; cf. J. B, Micr, Soe. 1889, p. 206, 
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pair of oviducts. The male has neither vesiculae seminales, acces¬ 
sory glands, nor ductus ejaculatorius. The testes are elongate 
sacs, whose extremities are prolonged backwards forming the vasa 
deferentiu; these open separately at the extremity of the body, 
each on a separate intromittent projection of more or less comi)lex 
character, the two organs being, however, connected by means of 
the ninth ventral plate, of which they are, according to ralim^n, 
appendages. We should remark that this authority considers 
Heptagenia to form, to some extent, an exception as regards the 
structures of the female; while Polymitarnjs is in the male sex 
strongly alxjrrant, as the two vasa deferentia, instead of being 
approximately straight, are l)ent inwards at right angles near 
their extremities so as to meet, and form in the middle a common 
cavity, which then again becomes double to pass into the pair of 
intromittent organs. 

According to the views of Exner and others, the compound 
eyes of Insects are chiefly organs for the perception of movement; 
if this view be correct, movements such as those made during 
the dances of may-flies may, by tlie number of the separate eyes, by 
their curved surfaces and innumerable facets, l)e multiidied and 
correlated in a manner of which our own sense of sight allows 
us to form no w^nception. We can see on a summer's evening how 
beautifully and gracefully a crowd of may-flies dance, and we may 
well Ijelieve that to the marvellous ocidar organs of the flies tluan- 
selves (Fig. 274) these movements form a veritalde ballet. Wo 
have pointed out tluit by this dancing tlie peculiarly fornuHl aliment¬ 
ary canal iHicomes distended, and may mjw add that Palmen and 
Fritze Ixilieve that the unicpie structure of the r(‘]>roductive organs 
is also correlated with the other anatomical peciiliarities, the con¬ 
tents of the sexual glands Ixdng driven along the simple and 
direct ducts by the expansion of the balIoon-likc‘ stomach. During 
these dances the momentary conjugation of tlie sexes occurs, 
and immediately thereafter the female, according to Eaton, 
resorts to the waters ap|)ropriate for the deposition of her eggs. 
As regards this, Eaton says: ^ “ Some short-lived species discharge 
the contents of their ovaries completely en masse, and the pair 
of fusiform or sulxiylindrical egg-clusters laid upon the water 
rapidly disintegrate, so as to let the eggs sink broadcast upon 
the river-bed. The less perishable species extrude their eggs 
^ Tr. Linn, Hoc, 2nd ser. Zool, iii. 1S83, p. 11. 
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gradually, part at a time, and deposit them in one or other of 
the following manners : either the mother alights upon the 
water at intervals to wash off the eggs that have issued from 
the mouths of the oviducts during her flight, or else she creeps 
down into the water to lay her eggs upon the under-side of 
stones, disposing them in rounded patches, in a single layer 
evenly spread, and in mutual contiguity.” The eggs are very 
numerous, and it is thought may sometimes remain in the 
water as much as six or seven months Ijefore they liatch. 

The number of individuals produced l)y some kinds of may¬ 
flies is remarkable. Swarms consisting of millions of individuals 
are occasionally witnessed. D'Albertis observed PaJingenia 
pajmana in countless myriads on the Fly liiver in New Guinea: 
“For miles tlie surftice of the river, from side to side, was white 
with them as they hung over it on gauzy wings; at certain 
moments, oln^ying some mysterious signal, they woidd rise in 
the air, and then sink down anew like a fall of snow.” He 
further states tliat tlie two sexes were in very disproportionate 
numbera, and estimates that there was but a single female to 
every live or six thousiind males. 

Epheineridae in the perfect state are a favourite food of 
flslies, and it is said that on some waters it is useless for the 
fly-fisher to try any other lure when these flies are swarming. 
Most of the “ duns ” and “ spinners ” of the aivgku' are 
Epheineridae; so are several of the “ drakes,” our large E. danmi 
and E. vidgata Ixdng known as the green drake and the gray drake. 
Konalds says ^ that the term “ dun ” refers to the pseud-imago 
condition, “ sjiinner ” to tlie j>erfect Insect. E, dan ica and E, 
vulgata are perhaps not distinguished by fishers ; Eaton says 
that the former is abundant in rapid, cool streams, while E. 
vvlgata prefers warmer and more tranquil rivers. 

These sensitive creatures are unable to resist the attractions 
of artificial lights. Reaumur noticed this fact many veal's ago, 
and since the introduction of the electric light, notes may 
frequently be seen in journals mtording that myriads of tl.esc* 
Insc^cts have l>een lured by it to destruction. Their dances may 
frecpiently lie observed to take place in peculiar states of liglit 
and shade, in twilight, or where the sinking sun has its light 
rendered broken by bushes or trees; possibly the broken lights 
^ Fly-FUher's Fntomoioytfy 4th ed. 1849 p. 49. 
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are enhanced in effect by the ocular structures of the Insects. 
It has recently been ascertained that a species of Teleganodes 
is itself luniinous. Mr. Lewis,' who observed this Insect in 
Ceylon, states that in life the whole of the abdomen was lumin¬ 
ous, not brightly so, but sufficient to serve as a guide for captur¬ 
ing the Insect on a dark night. It has also been recorded that 
the male of Caenis dimidinta gives a faint blue light at night. 

Nearly 300 species of Ephemeridae are known, but this 

may be only a fragment of what 
actually exist, very little l)eing 
known of may-flies of other 
parts of the world than Europe 
and North America. One of the 
more curious forms of tlie family 
is Onisi'ifiaster wakfjieldl; the 
body of the imago is unusually 
rotund and furnished with lateral 
processes. In Britain we have 
about forty sjHicies of may-fly. 
The family is tixnited as a distinct 
Order by Braiier and l^ickard,and 
is called Plectoptera by the latter. 

That Insects so fragile, so 
highly organised, with a host of 
powerful enemies, but themselves 
destitute of means of attack or 
defence, should ctJiitrive to exist 
at all is remarkable; and it 
appears still more unlikely that such delicate Insects as 
Ephemeridae should leave implanted in the riKiks their traces 
in such a inanmu’ that they can be recognistnl; nevertheless, 
such is the case,—indeed, the may-fly palaeontological record is 
both rich and remarkable. Several forms are preserved in 
amber. In the Tertiary lied of the old lake at Florissant, Scudder 
has been able to distinguish the remains of no less than six 
species; while in the Jurassic layers of the Secondary epoch, in 
more than one locality, the remains of several other species 
have been detected and described. Still more remarkable is the 
fact that in the Devonian and Carboniferous layers of the 
* P, ent. Soc. London^ 1882, p. xiii. 



Fio. 284 .—Oniscigaster wakefieldi. New 
Zealand. (After M^Lachlau.) 
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Palaeozoic period, remains are found that appear to l>e akin to 
our existing Ephemeridae. Falinffenia feistinantelii from the 
("arboniferous of Bohemia is actually referred to a still existing 
genus; it is said to have been of gigantic size for a may-fly. 

The families AIt*.ga8ecopterides, Platypterides, and Stenodicty- 
opterides of the (Jarlioniferous epoch (see p. 343) are all more or 
less closely allied to tlie Ephemeridae, and in addition to these 
Brongniart lias establislied the family Protephemerides for some 
Insects that he considers to have been tlie precursors in the 


Carboniferous epoch of our existing 
may-flies. These ancient Insects 
differed in liaving the wings of 
another form from those of exist¬ 
ing Ephemeridae, and in having 
the hind wings etpial in size to 
the front pair. IVsides this, these 
Insects had, as shown in Fig. 285, 
j)rothoracic dorsal ai)j)endages; 
some had also projections from the 
abdominal segments, considered by 
Brongniart to be of the nature of 
gills. Some doubt must exist as to 
this point, for we tind in the imago 
of one of our existing Ephemeridae, 
OmHcii/fh'iter irakejicldi, Fig. 284, 
abdominal processes that are nut 
gills. 

It is remarkable that may¬ 
flies, whic'h now form a coin- 
paratividy unimportant part of 
the Inwjct tribe, should in far 
distant times have l)t»en represented 
by so great a variety of allied forms. 
Our fragile, short-lived may-flies 



Fl ;. 28r>. -Homaloneimi hrnnieri; 
lK>iiitVrous of Comniciitry. (Alter 
Hrongiiiart.) 


apjiear to be, as Scudder says, the lingering fragments of an 


expiring group. 



CHAPTER XX 

NEUKOPTERA PLANIPENNIA—SIALIDAE, ALDER-FLIES, SNAKE-FLIES— 

PANORPIDAE, SCORPION-FLIES-HEMEROBIIDAE, ANT-LIONS, 

LACEWINGS, ETC. 

Fam. VIII. Sialidae—Alder-flies and Snake-flies. 

Four wings of moderate s^ize, meeting in repose over the hack at 
an angle; the hinder of the two pairs slightly the smaller; 
the anal area small or nearly absenty not plicate. Nervures 
moderately numerouSy transverse, veinlets moderately numerous^ 
forming irregularly disposed cells. The metamorphosis is 
great; there is a quiescent ptipa. The larva has the marulihles 
formed for hitingy armed with strong teeth. 

The Sialidae, though but a small family of only some six or 

eight genera, comprise 
a considerable variety of 
forms and two sub¬ 
families — Sialides and 
Raphidiides. The former 
group has larvae with 
aquatic habits possessed 
of branchiae but no 
spiracles. 

Sialis luiaria is one 
of the commoner British 
Insects frequenting the 
vegetation about the 
banksoftranquilstreams; 
it is well known to 
anglers, l)eing used l)y 

them for a bait. According to Ronalds it is called the alder or 



Pig. 286.—The aWer-fly, Sialis luiaria. Britain. 
A, With wings expanded ; B, in profile. 
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orl-fly, and in Wales the humpback. It is very unattractive in 
appearance, being of a blackish colour, with wings of a 
yellow-brown tinge, and makes but a poor show when flying. 
The female deposits patches of elongate eggs, placed on end and 
packed together in a very clever manner (Fig. 287). These patches 
of eggs, of a stone-gray colour, are common objects on rushes 
or stems of grass near water, and it is stated that there may 
be no less than 2000 or 3000 eggs in one of them. Our 
figure gives some idea of the mode in which the eggs are arranged, 



Flo. 287.—Portion of a row of eggs of 
Sialis lutaria. (After Evans.) 



PlO. 288 .—Sialts luiaria. 
larva. 


and the curious narrow process that exists at the end of each. 
The eggs are said to be sometimes placed at a considerable distance 
from water, so that when the tiny larvae are hatched they 
must bt*gin their lives by finding the way to a suitable pool or 
stream. The larvae (Fig. 288) are objects of very great interest 
owing to each of segments 1 to 7 of the hind boily being furnished 
on each side with a jointed filament, while the last segment ends 
in a still longer, but unjointed process. These filaments are 
branchiae by me^ns of which the Insect obtains air, btdng, as we 
have said, destitute of spiracles. It is an active creature and 
waves its filaments in a very graceful manner; this process no 
doubt aids the branchiae in their respiratory work. These larv ae 
are well able to exist out of water if they have a sufficiently 
damp environment. They live on animal matter, but their life- 
history has not been followed in much detail and it is not known 
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how many moults they make. The young larva has the head 
disproportionately large and the branchial filaments longer. 
When the growth is completed the larva returns to land, seeks a 
suitable situation in the soil, and after an interval changes to a 
pupa, in which the characters of the perfect Insect are plainly 
visible. Subsequently, without Ijeconiing again active, it changes 
to the perfect Insect, and enjoys, for a few days only, an aerial life. 

The anatomy of the larva has been treated by Diifour.' The 
supra-oesophageal ganglion is remarkably small; nothing is said 
as to the existence of an infra-oesophageal ganglion ; there are 

three thoracic and eight abdominal 
ganglia; the first ]»air of these latter 
are nearer together than tlu^ others, and 
this is also the case with the last three. 
The alimentary canal in tlu*, adult is 
provided with a large ])aiinch attached 
to the crop by a narrow nt‘ck,“ l)ut 
Dufour could find no tracx‘. of this in 
the larva. The structure of tlie bran¬ 
chiae has also been descrilx‘d by the 
indefatigable French entomotomist. A 
tracheal tube sends a l)ranch into one 
of the appendages (Fig. 289); tlie 
liranch gives off numerous smalh*r 
tracheae, which at their extremities 
l)reak up into branchlets close to tlie 
integument. The tracheal tulK3 that 
receives each main branchial trachea, 
sends off from near the point of entry 
Fia. 289.—structure of tracheal gill of the latter another trachea, that 

of(After distrilmtcs its branchlets on tlie ali- 

o, Ba.se of the gill ; b, tracheal 

trunk with which it is con- iricntary caiial. The margins of each 
toi^ktery'^uaT appendage are Set with swiiniiiitig Imirs, 

SO that the branchiae act as orgaiiS of 
locomotion as well as of respiration, and by their activity in the 
former cax)acity increase the efficiency of their primary function. 

The genus Sialis occurs in a few species only, throughout the 
^ Ann. Sei. Nat. series 3, ix. ZooL 1848, p. 91, pi. 1. 

* Newport, Tr. Linn. Soe. xx. 1851, pi. 21, fig. 13. TjOcw, however, w)io also 
describes and figures the anatomy of S. lutarvif states that there is no paunch. 
Linnaea ernJUtmologica, iii. 1848, p. 354. 
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whole of the Palaearctie and Nearctic regions, and reap]:)ear8 in 
Chili,^ though absent in all the intervening area. Several other 
genera of Insects exhibit the same jx^culiarity of distribution. 

The genera Corydalis and Chauliodes form a group distinct 
from Stalls, and are totally differ¬ 
ent in a})])earance, being gigantic 
Insects, sometimes with the man- 
dibles of the male enormously 
elongated (Fig. 290). The s])ecies m ^ 

of Cory dal is are called in North \ ^ 

Americii Hellgrammites; Riley \ f 

has descadbed and figuicd the |l l| 

metamorphosis of t\ cormdus^ the ^ 

life-history being very similar to 
that of our little Sialis. A mass 
consisting of two or three thouscand 

eggs is formed by the female, and > 3 ' /jJjjBLn ^ r 

the young larva has long fila- j[ | V 

iiients at the sides of the body 

like Sialis, These in the Liter 3 V'lBB/ ^ \ 

larval life are comi)aratively shorter, ^ F IJ \ \ 

but the Insect is then provided ( # 

with anotlier set of gills in the Fio. 290.— crassicornis, male, 

form of spongy masses on the greater portions of the wings 

* 1 T .1 reinovetl. Texas. (After M*Lachlan.) 

under-side ot the body. Riley, 

however, considers that these organs serve the purpose of attach- 
^ nient rather than of respiration. The 

larvae are known to the Mississippi 
fishemieii as crawlers, and are greatly 
esteemed as l)ait. 

The Raphidiides or snake-flies form 
lj\ the second trite of Sialidae. Tliere an> 

I nnly two genera, Raphidia and Inovcllia, 

I pwuliar to the Palaearctic and Neaivtic 

Fio. 2^\,--Paphidia mtata^ fe- regions. Tlie perfect Insects are cliiefly 

remarkable for the elongation ot the 
prothorax and back of the head to form a long niKk, and for 
the existence in the female of an elongate exserted ovij.>ositor. 


^ M'Lachlan, Ent, Month, Mag, vii. 1870, p. 145. 
® Rep, Jns, Missouri, ix, 1877, p. 125. 
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The species are rather numerous, and have been recently 
monographed by Albarda.^ The three or four British species 
of the genus are all rare Insects, and occur only in wooded 
regions. 

The Eaphidiides, like the Sialides, have a carnivorous larva, 
which, however, is terrestrial in habits, feeding, it would appear, 
chiefly on Insects that harlxair in old timber. The snake-fly 
larvae (Fig. 292) are very ingenious in their manner of escaping, 
which is done by an extremely rapid wriggling backwards. They 
are Ccipal)le of undergoing very prolonged 
fasts, and then alter in form a good deal, 
becoming shorter and more shrivelled; 
Fig. 292 is taken from a specimen that 
had been fasting for several weeks. They 
are excessively voracious, and hunt after 
the fashion of beasts of prey; their haluts 
have been described by Stein,^ who states 
tliat he kept a larva from August to the 
end of May of the following year without 
f<M)d; it then died in a shrivelled-up state. 
The larva of the snake-fly changes to a 
pupa that is I’emarkably intermediate in 
form between the perfect Insect and the 
larva; the eyes, legs, wing-pads, and ovi- 
})ositor Ijeing but little different from those 
of the imago, while the general form is 
Fig. 292.— notaia^ larva, and the peculiar elonga- 

larva. Xew Forest. . i i • .1 

tion of the neck of the imago is absent. 
This pupa differs from that of Siaiis in the important particular 
that l)efore undergoing its final ecdysis it regains its activity and 
is able to run about. 

The internal anatomy of Raphidia has l)een treated by lyiew,® 
and is of a very remarkable character; we can here only mention 
that the .salivary glands consist of a pair of extreimdy elongate 
tubes, that there is a very definite paunch attached as an ap¬ 
pendage to one side of the crop, and that the most i>eciiliar 
character consists of the fact that, according to Loew, four of the 
six Malpighian tubes have not a free extremity, being attached 

^ Tydschr, EiU, vol. :(xxiv. 1891. ’ Arch./. Naiurg. iv. i. 1838, p. 316. 

^ Linnaea entomologica, iii. p. 1848, 346, pi. i. 
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at each end so as to form elongate loops; the inesenteron is very 


complex in character. 

A considerable numl>er of fossil re¬ 
mains from both Tertiary and Mesozoic 
strata are referred to Sialidae; and a 
larval form from the red sandstone 
of Connecticut has been considered by 
Scudder to be a Sialid, and named 
Morrnolucoides articulatus, but the cor¬ 
rectness of this determination is very 
doubtful (Fig. 293). These fossils are, 
however, of special interest as being the 
most ancient Insect larvae yet brought 
to light. A still older fossil, from the Car- 
Ixjniferous strata of Illinois culled Miarnia 



Fia. 293. — Momiolv/ioides 
articulaius^ larva. Trias 


hronsoni^ is considered by Scudder to have ^ Connecticut. (Alter 
several points of resemblance to Sialidae, 


Fam. IX. Panorpidae—Scorpion-flies. 

Head ircolonged to forvi a dejlexed heal% provided with palpi near 

its apex; wings elongate and 
narrow^ shining and destitute of 
haiVy with numerouSy slightly 
divergent veins and. moderately 
numerous transverse veinlets (in 
one genus the icings are ahsenl). 
Larvae 2 >'^' 0 vided vnth legs, and 
nsually with numerous pivlegs 
like the saw-flies: habits car- 


n 


Wm 




nivorous. 

The majority of the meml>ere 

of this family are very readily 

distinguished by the l)eak-like 

front of the head, this l)eing 

- ^ , chiefly due to enlargement of 

Fiq. 294 .—Panorpa comtnunts, male*. i 

Cambridge. parts of the head itself, and 

in a less degree to piolongation 

of the mouth-parts. The upper (or front) face of the beak is 

formed entirely by the clypeus, the labrum being scarcely 
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visible, though it may be detected at the sides of the tip of the 
beak; the sutures between the various parts of the head are 
nearly or quite obliterated, but it is probable that the sides of 
the beak are formed by the genae and by the stipites of the 
maxillae, and its under-surface chiefly by the submentum: the 
mentum itself is but small, the ligula is small, bifid at the ex- 
tremity, and each branch bears a two-jointed palpus, the 
basal article being of very peculiar structure in Panorpa, Tlie 
mandibles are but small, and are placed at the apex of the beak; 
they have each the form of an oblong plate armed with two 
very sharp teeth, and they cross freely. The maxillae are the 
only parts of the mouth-pieces that are very eU)ngated; each 
cardo is articulated at the base of the head, and the stipes extends 
all the length of the side of the l)eak; each maxilla bears a five- 
jointed palpus and two small but very densely ciliated IoIkjs. 
The antennae are long, very slender, and flexil»le, and are many- 
joiiited; they are inserted between the eyes in large foramina; 
there are three ocelli, or none, and tlie comj>onnd eyes are 
moderately large. The prothorax is small, its notiim is (luite 
small or moderate in size, and the prothoracic stigma is placed 
behind it; the side-pieces are small, and there is no chitinous pro¬ 
sternum except a small longitudinal strip placed in the mem¬ 
brane between the coxae; these latter are of only moderate size, 
and are free and dependent. The meso- and meta-thorax are 
large, their side-piexxis are of considerable dimensions anil lavir 
large, dependent coxae and supporting-pieces (Fig. 58) ; tliere is a 
stigma placed between the meso- and meta-thorax at the hind 
margin of the upper part of the meso-trochantin ; botli meso- and 
meta-notum are transversely divided. The abdomen is elongate, 
slender, conico-cylindrical, consisting of nine segments; the basal 
segment is membranous and concealed; the terminal appendages 
are of variable nature according to the species and sex. The legs 
are elongate and slender, the tarsi five-jointed. The internal 
anatomy of Panorpa communis has l>een examined by Dnfour^ 
and Loew.^ They agree in describing the alimentary winal as 
being of peculiar structure: there is a short, slender oesophagus 
leading to an organ in which there is S€»ated a rejuarkable 
arrangement of elongate hairs; this structure might be looked 
on as the proventriculus, but Ix>ew considers it to be rather a 

^ Mtm, Ac, Sci, Urang, vii. 1841, p. 582. * Linnaea enimn., iii. 1848, p. 868. 
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division of the true stoiruich. The X)articulars given by these 
two anatomists as to some other jmrts of the internal anatomy 
are very discrepant. 

The Panorpidae form a small family of only nine or ten genera, 
two or three of these being exotic and only imi)erfectly known; 
the three genera found in Europe are composed of very curious 
Insects. The scorpion-flies —Panorpa prox)er—are very common 
Insects, and have received their vernacular name from the fact 
that the males liave the terminal segments elongate and slender 
and very mobile, and carry them curved up somewhat after the 
fashion of the scorpions (Fig. 294). It is Siiid that Aristotle was 
acquainted with these Insects, and considered them to be really 
winged scorpions. 

A second European genus, Boreus, is still more peculiar; it is 
destituU‘ of wings, and has the ax)X)earance of a minute wingless 


grasshojiper; it is found 
from late autumn to early 
spring in moss and under 
ston(*s,and issiiid to l)e some¬ 
times found disjunting itself 
on the surface of the snow : 
tlie female of this Insect 
has an exserted ovipositor. 
The writer has found this 



little creature in Scotland among moss in Noveml)er, and under 
stones early in March (Fig. 295). The third Euroi^eau genus, 
BitUuuH, does not (Kvur in our islands, but is common on many j)arts 
of the Continent; tin* jM^fect Insect has a great resemblance to a 
Tipula, or “daddy-long-legs” fly, and attaches itself to the stems 
of grasses, and preys on flies; according to Brauer it has the 
peculiar habit of using the hind pair of legs as hands (Fig. 29G), 
instead of the front jmir, as is usual in Insects. This remark¬ 
able genus is widely distributed, and species of it are found even 
in the Antipodes. A sx)ecies inhabiting ctives has been mentioned 
by M‘Dichlan.' 

The e^rly stages of the Panorpidae were for long unknown, but 
have recently been discovered by Brauer: he obtained eggs of Panorpa 
by confining a number of the i)erfect flies in a vessel coutiiining 
some damp earth on which was jdaced a piece of meat; when 


' HfU, Month* Mag* 1894, p. 39. 
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the young larvae were hatched they buried themselves in the earth 
and nourished themselves with the meat or its juices. These 
larvae (Fig. 297) bear a great resemblance to those of the Hymeiiop- 
terous family Tenthredinidae; they have biting mandibles and 
palp-bearing maxillae, and show no approacli to the peculiar 
mouth structure found in the Hemerobiidae; there are three pairs 
of feet placed on the three thoracic segments, and tliere is also a 
pair of less perfect feet on each of the first eight abdominal 
segments, those behind being the larger. The upper surface of 



Pio. —Bittacus tipvlarius holding 

a tly in its hind legs. Austria. 
(Alter Braucr.) 


Fia. 297.—Young larva of 
PaiwriHi cummuais, 
(After Braiier.) 


the body bears spines, which, however, di8aj)pear after tlie first 
change of skin, with the exception of the larger processes on the 
posterior segment, which persist throughout the life of the larva. 
The larvae are active for about one month ; after this they become 
quiescent, but do not change to the pupa state for several weeks; 
when this happens they change in form and cannot creep, although 
their limbs are not enclosed in any pupa case. Brauer also dis¬ 
covered larvae of Panorpa communis at large in numbers in an 
old tree stump that was quite covered with moss, and contained 
many ants in the mouldering wood. The ants appeared to be on 
friendly terms with tlie Panorpa larvae. The earlier stages of 
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Boreus and Bittdcus were also observed by Brauer; they are 
essentially similar to those of Banorpa, but the larva in Boreus is 
not provided with abdominal prolegs. The Panorpidae have 
been separated from the other Neuroptera by certain naturalists 
as a distinct Order, called Panorpatae by Brauer, Mecaptera V)y 
Packard; but in their structure as well as in their metamorphoses 
they are not so distinct from the Phryganeidae and the Hemero- 
biidae as to justify this step. 

Fossil forms of Bittacus and of Panorpa have been found in 
amber and in the Tertiary strata, and Scudder has described some 
forms from Florissant in which there are no cross-veinlets in the 
wings. Some remains from the English Lias have been referred 
to Panorpidae by Westwood under the name Orthophlchia, but it 
is by no means certain that they really belong to the family. 

Fam. X. Hemerobiidae—Ant-lions, Lacewing-flies, etc. 

Head vertical; maxillae freCy with five-jointed palpi ; labial palpi 
three-jointed. Wings suhequal in size, with much reticula- 
tioUy without anal area. Tarsi five-jointed. Metamorphosis 

great; the larvae with mandibles and maxillae coadapted to 
form spear-like organs that are s^uctorial in function, Pupay 
similar in general form to the imago, enclosed in a cocoon. 



Fia. 298 .—Drepanepteryx phalaenoides, Scotland. 


The Hemerobiidae are an extremely varied assemblage of 
Neuroptera; the perfect Insects of the various sub-families are 
very different in appearance, but the family as a whole is 
naturally defined by the very peculiar structure of the mouth- 
organs of the larvae. These Insects have, in fact, a suctorial 
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mouth in their early life, and one of the ordinary biting type in 
adult life. 

This is a very unusual condition, being the reverse of what 
we find in Lepidoptera and some other of the large Orders, 
where the mouth is mandibulate in the young and suctorial in 
the adult. The suctorial condition is in Hemerobiidae chiefly 
due to modification of the mandibles; but tins is never the case 
in the Insects that have a suctorial mouth in the iniaginal 
in star. Nearly all the Hemerobiidae are terrestrial Insects in all 
their stages; a small number of them are, to a certain extent, 
amphibious in the larval life, while one or two genera possess 
truly aquatic larvae. The metamorphosis is, so far ius the 
changes of external form are concerned, quite complete. There 
are no wingless forms in the adult stage. 

The classification given by Hagen' and generally adopted 
recognises seven sub-families. These we shall mention seriatim. 

Sub-Fam. 1. Myrmeleonides or Ant-lions. —Anteimae short, 
cluhhed, the apical space of the wintj with regular, oblong 
cellules. 



Fig. 299 .—Tomatcres ciirinus. S. E. Africa. (After Hagen.) 


The ant-lions in tlieir perfect state are usually unattractive 
Insects, and many are nocturnal in their hal)its; tlie species of the 
genus Palpares and allies (Fig. 299) .ire, however, of more handsome 
appearance, and attain a large expanse of wing. No member of the 
sub-family is an inhabitant of Britain, though species of the typical 
geaasMyrmeleon are common in Central and Northern Europe. The 

* SUttin. ent. Zeit. xxvii. 1866, p. 369 ; this author has also sketched a classifi¬ 
cation of the larvae in P, Moston Soc, xv. 1878, p. 243. 
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remarkable habits of their larvae attracted the attention of natur¬ 
alists so long ago as two hundred years. We owe to Keaumur an 
accurate and interesting account of M. formicarius, the species 
found in the neighbourhood of Paris. The lar\"ae are predaceous, 
and secure their prey by means of pitfalls they excavate in the 
earth, and at the bottom of which they bury themselves, leaving 
only their elongate jaws projecting out of the sand at the bottom 
of the x>it. They move only kickwards, and in forming their pit 
use tlieir broad body ais a plough, and throw out the sand by 
j)lacing it on the head and then sending it to a distance with a 
sudden jerk. Wlien about to construct its trap the larva does 
not commence at the centre, but makes first a circular groove of 
the full circumference of the future j>it. Burying its abdomen 
ill the surface of the earth, the Insect collects on to its liead, by 
means of the front leg, the sand from the side which is nearest to the 
anitre, and then jerks the sand to a distance. By making a second 
circuit within the first one, and then another, the soil is gradu¬ 
ally removed, and a conical jiit is formed, at the bottom of which 
the ant-lion lurks, burying its body but leaving its formidable 
mandibles wididy extended and projecting from the sand. In this 
jiositioii the young ant-lion waits patiently till some wandering 
Insect trespasses on its domains. An ant or fly coming over the 
edge of the jiitfall finds the sand of the slojiing sides yielding lieneath 
its body, and in its effort to secure itself probably dislodges some 
more of the sand, whicli, descending to the bottom of the j)it, brings 
the lurking lion into activity. Availing liimself of his jiower of 
throwing sand with his head, the ant-lion jerks some in the 
neighbourhood of the tres^iasser, and continues to do so until the 
victim is brought to the bottom of the j)it and into the very jaws 
of its destroyer; then there is no further hope of escape; the 
mandibles close, emj)ale their prey, and do not relax their hold 
till the body of the victim is exhausted of its juices. The position 
chosen is in a place that will keep dry, as the larva cannot carry 
on its ojicrations when the sand is wet or damp, hence the soil at 
the base of a high wall or a rock frequently harbours these 
Insects. The X)arts of the mouth of the Myrmeleon are perfectly 
adajited for enabling it to empty the victim without for a 
moment relaxing its hold. There is no mouth-orifice of the 
usual character, and the contents of the victim are brought 
into the buccal cavity by means of a groove extending along 
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the under side of each mandible; in this groove the elongate 
and slender lobe that replaces the maxilla 
— there being no maxillary palpi — 
plays backwards and forwards, probably 
raking or dragging backwards to the 
buccal cavity at each movement a small 
quantity of the contents of the empaled 
victim. The small lower lip is peculiar, 
consisting in greater part of the two lobes 
that support the labial i)alpi. The pliarynx 
is provided witli a complex set of muscles, 
and, together with the buccal cavity, func¬ 
tions as an instrument of suction. After the 
prey has been sucked dry the axrcass is 
jerked away to a distance. When the 
ant-lion larva is full grown it forms a 
globular coc(X)n by fastening together 
grains of sand with fine silk from a 
slender spinneret placed at the postt*rior 
extremity of tlie body; in this cocoon it 
Pig. 300.—Larva of Myrme- changes to ail imago of very elongate 

leonpallidipennis, (After « 1 . ..•! * 1 . j. 

Meinert.) lorm, and does not emerge until its meta¬ 

morphosis is (piite coni})leted, the skin of the 
pupa being, when the Insect cmierges, left beliind in the cocoon. 
The names by which the European ant-lion lias been known are 
very numerous. It was called Formictijo and Formicario by Vallis- 
iieri about two hundred years ago; Eeaumur called it Formica-leo, 
and this was adopted by some modern authors as a generic name 
for some other of the ant-lions. The French people call these 
Insects Fourmilions, of which ant-lion is our English equivalent. 
The Latinised form of the term ant-lion, Forrnicaleo, is not now 
applied to the common ant-lion as a generic term, it having been 
proposed to replace it by Myrmecoleon, Myrmeleo, or Myrmeleon ; 
this latter name at present seems likely to become generally 
adopted. There are several species of the genus found in Europe, 
and their trivial names have been confounded by various authors 
in such a way as to make it quite uncertain, without reference to 
a synonymic list, what species is intended by any particular writer. 
The species found in the neighbourhood of Paris, and to which it 
may be presumed Beaumur s history refers, is now called Myrme^ 
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leon formicarium by Hagen and others; M'l-Achlan renamed it 
M. europaeiis, but now considers it to be the M. nostras of 
Fourcroy. The popular name appears to be due to the fact that 
ants—Formica in Latin, Fourmi in French—form a large part of 
the victims; while lion—tlie other part of the name—is doubt¬ 
less due to its prowess as a destroyer of animal life, though, as 
Eeaumur long ago remarked, it is a mistake to apply the tenn 
lion to an Insect that captures its prey by strategy and by 
snares rather than by rapidity and strength. The imago of 
Myrmeleon is of shy disposition, and is rarely seen even in 
localities where the larva is abundant. It is of nocturnal habits, 
and is considered by Dufour to be carnivorous. 

(k)nsideral)le difference of opinion has existed as to the structure 
of the mouth and of the alimentary canal in tliese larvae. Eeaumur 
was of opinion that tliere exists no posterior orifice to the alimentary 
canal, but Dufour ridiculed this idea, and stated positively that 
such an orifice und()ul)tedly exists. It is also usually said that 
the mouth is closed by a membrane. Meinert has recently exam¬ 
ined these points,^ and he states that the mouth is not closed by 
any membrane, but is merely compressed. He finds that there is 
no ]) 0 .sterior exit from the stomach; that there is a compact mass 
without any ctavity ])etween the stomach and the point wljere the 
Malpigliiau tul)es connect with the small intestine^ The portions 
of alinu»nt that are not assimilated by the larva collect in tlie 
stomach and are expelled as a mass, but only after the Insec*t has 
become an imago. This peculiar exerementitious mass consists 
externally of uric acid, and from its form and appearance has been 
mistaken for an egg by several naturalists. The posterior portions 
of the alimentary canal are, according to Meinert, of a remark¬ 
able nature. The small intestine is elongate, slender, and is 
coiled. There are eiglit very long and slender Malpighian tubes; 
a pair of these liave free exti’emities, but the other six in tlie 
posterior part of their course are surrounded by a common mem¬ 
brane, and, following tlie course of the intestine, form ultimately 
a dilated body seated on a coecum. These six Malpighian tubes 
are considered to be partially, if not entirely, organs for the seci'e- 
tion of silk for forming the cocoon, the coecum being a reservoir. 
The canal terminates as a slender tube, which acts as a spinneret 
and is surrounded by a sheath. A complex set of muscles com- 
’ (>v. Danske Selsk, 1889, p. 43. 




458 


NEUROPTERA 


CHAP. 


pletea this remarkable spinning apparatus. The alimentary 
canal of the imago has been described and 
figured by Dufour ^; it is very different 
from that of the larva. 

The ant-lion is capable of sustaining 
prolonged fasts. Dufour kept specimens for 
six months without any food. These In¬ 
sects are said to give off a peculiar ant-like 
odour, due, it is thought, to their ant¬ 
eating habits. Although no species in¬ 
habits Great Britain, yet one is found in 
Southern Sweden. Introduced specimens 
get on very well in confinement in our 
country,^ and would probably flourish at 
large for some years if they were liber¬ 
ated. 

Although the numl)er of known species 
and genera of Myrmeleonides is consider¬ 
able— that of the species being now 
upwards of 300—the members of the 
small genus Myrrneleon are the only forms 
that are known to make pits of the kind 
we liave described. Other larvae*^ are 
known similar in general form to tlie 
Fia. 301.—Upper aspect of Common ant-lion, but they walk forwards 
h^d and alimentary canal normal manner, aiid apparently 

stomach; c, free extrenii- huiit their prey by lurking in a hidden 
^a^."c^termina^co— ^nd, whcii a chaiice occurs, rush- 

portion of other six tube.s ; ing on tlie victim with rapidity. Brauer 
//Scs for proving lias observed this habit in the case of 

its sheath ; y, g, maxillary Dcndroleon panthcrmus in the Prater at 
glands. (After Meinert.) 

The most remarkable forms of Myrmeleonides are contained 
in the genus Palpares, We figure Tomateres citriniis (Fig. 2-99), 
an allied genus found in Eastern Africa as far south as Natal. 
These Insects have conspicuous blotches and marks on their 
wings. The species of Myrrneleon are similar in form, but are 
smaller, more feeble, and less ornate in appearance. 

1 Ann, Sd, itran^. vii. 1834, pi. 12. * M*Lachlan, IM, Mmth, Mcig, ii. 1866, p. 78. 

^ Retltenbacher, Denk, Ak, JVien, xlviii. 1884, p. 335. 
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PitfiilLs, formed in all probability by ant-lions, have been 
noticed in the Galapagos islands and in Patagonia, though none 
of the Insects forming them have been found. 


Sub-Fam. 2. Ascalaphides. —Antennae elonfjaie, with a hnob at 
the Up ; the apical area of the wing with irregular cellules. 



Fig. 302 .—Ascalaphus coccajvs. East Pyrenees. 


The sub-fiimily Ascalaphides is not represented by any species 
in Britain, though Ascalaphus longicornis occurs as far nortli as 
Paris. In the mountainous regions of Central and Southern 
Europe some speci(is of the group form a conspicuous part of the 
Insect fauna, owing to tlieir bold and active fliglit; they are pre¬ 
daceous in their habits, and liy about in a hawking fashion some¬ 
what like that of dragon-flies. Some of the larger of the numerous 
exotic species of the group are very like dragon-flies, but can be 
distinguished by a glance at the elongate antennae with a knob 
at the end. The sub-family consists of two groups—Holophthalmi 
and Schizophthalmi. M‘Lachlan says': The eyes in the Schiz- 
ophthalmous division are really double, the upper portion over¬ 
lapping the under; if the upper portion be separated the lower 
division looks like a small spherical ordinary eye.” There 
appears, however, to be considerable dififerences in the genera in 
this respect. 


* J. Linn, Soc, Zool, xi. 1873, j>. 227. 
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When the weather is wet or cold the Ascalaphi repose on the 
stems of grass, with their wings placed in a roof-like manner, with 
the head downwards, and are then very successful in concealing 
themselves by the positions they assume, and by sidling round 
the stems to escape from enemies. Some information as to their 
metamorphosis has been obtained, though knowledge of this point 
is far from complete even as regards our European species of the 
typical genus Ascalaphus. For a long time it was supposed that a 
larva mentioned by Bonnet in his writings was that of Ascalaphus^ 
but Brauer' is of opinion that such is not 
the case, and as he lias descrited the meta¬ 
morphoses of A, macaroiiius lie is no doubt 
correct. The eggs (Fig. 303, A), forty or 
fifty in number, are laid in two parallel rows 
on the stems of grass. The larvae (Fig. 304, 
larva of Helicomitus ?) are in general appear¬ 
ance somewhat like those of Myrmeleon; 
they are ctirnivorous in their habits, like 
the ant-lions, and have similar extraordi¬ 
narily developed mandibles. Efforts to rear 
the young larvae fiiiled, but they were 
kept alive for some time by sujiplying them 
with Aphidides found on Ceutaureajarea. The 
cocoon is globular, and the change from the 
T nymph state to the imago is made in the 

FaTvarof^ HeiicJmUus cocoon, the Structure of the mandibles of the 

C, out- pupa beini^ ]>eculiar, and STH.H‘ially adapknl to 
hue of natural mzc. ^ ^ ^ 9 1 

(After Westwood.) the purpose ot Opening the cocoon.'* 1 he larvae 

of Ascalaphides, although so like the ant-lions 

in appearance, do not form pitfalls for the capture of their 

prey, but lurk under leaves on the ground, or under stones; 

they do not move backwards, but progress forwards in an 

ordinary manner; the habit of backward movement that we 

noticed in Myrmeleon l)eing probably correlative with the • habit 

of forming pitfalls. Hagen states ® that the larvae of Ascalaphides 

and Myrmeleonides, in addition to their peculiarities of form and 

mandibular structure, are distinguished from those of other 

Hemerobiidae by the hind legs having the tibia and tarsus united 

^ Verb* zooL-hot, Oes, Wien, iv. 1854, p. 471. * Westwood, l,c, p. 

3 P, Boston Soc, XV. 1873, p. 244. 
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without articulation. Westwood^ has recently given an account 
of the young larvae of a Ceylonese 
species, but possibly Helicomitus 
insimulans; these were observed by Mr. 

Staniforth Green to have the very 
peculiar habit of sitting together in 
a long row on the stem of a plant, 
with the jaws widely extended and the 
body of each one covered by the head of 
the individual next it (Fig. 303, B). Tlie 
little creatures waited patiently in this 
position until a fly walked l)etween the 
mandibles of one of them, then these 
formidable weapons immediately closed, 
and did not relax their hold until the 
fly was sucked dry. If Westwood is 
correct, the young larva of this species 
diflers much from the adult one, the 
back of the head being broad and the 
setigerous processes of the body very 
much more develoixxl. Nearly thirty 
genera of Ascalaphides are known.“ In 
the genus Haplogenius we find an exception to the usual rule 
that the wings in repose are lield in a roof-like manner, it having 
been noticed by Bates that in the species in question the wings 
are lield expanded as in tha dragon-flies. 

Guilding has described ^ a very peculiar mode of oviposition 
on the part of Uiula viacleayana in the island of St. Vincent; 
the eggs are said to be deposited by the female in circles on the 
extremity of a twig, and nearer tlie base of this there is placed a 
kind of barrier to repel intruders. “ The female may be seen 
expelling from her ovary these natural barriers with as much 
care as her real eggs.’' Guilding's description was accompanied 
by drawings of tlie eggs, barriers and larvae, but unfortunately 
these were never published, and no further infonnatiou has been 
obtained on the subject. Hagen ^ suggests that the barriens may 

^ Tr, ErUom. Soc, London^ 1888, p. 1, pis. 1, 2. 

® Cf. M*Lachlaii, J, Limu Soc, ZooL ii. 1873, p. 219. 

® 5V. Linn, Soc, xiv. 1825, p. 140, and xv. 1827, p. 509. 

^ JP. Boston Soc, XV. 1878, p. 245. 


Ascalaphid of doubtful 



Fio. 304.—Larva of Helicomitus 
insimulans (?). (After West- 
wood.) 
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be somewhat similar to the long stalks 011 which the eggs of 
Chrysopa (Fig. 314) are placed. 


Sttb-Fam. 3. Nemopterides. —Head more or less produced and 
heak-like. Hind wings of peculiar form y heing elongate and 
someiokat strap-like. 

The Nemopterides are a small group of delicate, graceful Insects, 



Pio. 305. — Nenwptera ledereri. Asia Minor. Fig. 306. — Presumed larva of Xemoptera 
(After Selys.) A, The imago; B, its iieail {Necrophiluftarenarius). After Roux. Pyra- 
seen from in front and magiiihed. mids of Egypt. 


About thirty species are known. Knowledge of the group is 
still very imperfect. A larva has been found of a most remarkable 
nature that probably belongs to it; it was descril>ed under the 
name of Necrophilus arenariuSy and considered to be a fully- 
developed Insect. This larva occurs in the tombs and pyrtimids 
of Egypt where sand has accumulated. The perfect Insects of 
the genus Nemoptera are, however, found in open places amongst 
bushes, and flit about in a very graceful manner. Several species 
are found in Southern Europe and the Mediterranean region 
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(Fig. 305, N, ledereri), but none come so far north as Central 
Europe. Formerly the genus Nemoptera was considered to be 
allied to Panorpa on account of the beak-like front of the liead. 
The parts of the mouth are, however, different from those of 
Panorpa, and it seems more probable that if the Nemopterides 
have to be merged in any of the divisions of Henierobiidae, 
they will be placed in Chrysopides or Osmylides. The species 
of the sub-family were for a long time l>elieved to be peculiar to 
the continental regions of the Old World, but a species has 
recently been discovered in Northern Chili.^ 

Sub-Fam. 4. Mantispides. —Prothorax elongate; the raptorial 
Jr out legs inserted at its anterior part. 

The memters of this small group are readily recognised by the 
peculiar structure of tlie front legs ; these organs resembling those 
of the Orthopterous 
family Mantidae, so tliat 
the earlier systematic en¬ 
tomologists, deceived by 
this resemblance, placed 
the Mantispides in the 
Order referred to. 

The Mantispides 
possess four membran¬ 
ous wings, either sub¬ 
equal in size or the 
posterior pair smaller 
than the front pair and 
not folded the veins of Fia. 307. — Mantispa areolaris. Brazil. (After 

these wings are rather Westwootl.) 

numerous, as are also the cells they form; there is considerable differ¬ 
ence amongst the species in this latter respect, owing to the transverse 
veinlets differing in their abundance. The antennae are short, not 
in the leiist thickened at the tip. The head is not produced into a 
beak. The antmdor legs, placed quite at the front part of the thorax, 
have the coxae very long; the femur is somewhat incrassate, and 
is armed on one side with spines; the tibia is shaped and articu¬ 
lated so as to fold closely on to the spines, and to thus constitute a 
formidable and perfect prehensile organ, the tarsus being merely 
1 M*Lachlan, TV. EnL Soe, Londmit 1885, p. 375. 
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a small appendage. Only a few 8i)ecies of Mantispa are found in 

Southern Europe; but the group has representatives in most of 

the warmer regions of the world, and will probably prove to be 

rather numerous in species. The front legs are used for the 

capture of prey in the same way as the somewhat similar front 

legs of the Mantidae. The transformations have been observed 

by Brauer ^ in the case of one of the European species, M, styriaca. 

The eggs are numerous but very small, and are deposited in such 

a manner that each is borne by a long slender stalk, as in the 

lacewing flies. The larvae 

are hatched in autumn; 

they then hibernate and go 

for about seven months 

before they take any food. 

In the spring, when the 

spiders of the genus Lycosa 

have formed their bags of 

eggs, the minute Mantispa 

larvae (Fig. 308, A) find 

them out, tear a hole in the 

bag, and enter among the 

eggs; here they wait until 

the eggs have attained a 

fitting stage of development 

v* oAo / • AT 1 before they commence to 

Fio. 308.— Mantispa styriaca. A, Larva newly 

hatched, or lirst form ; B, mature larva. (After feed. Braiier fouild that 
®*‘*'*®*’'^ tliey ate the spiders when 

these were quite young, and then changed their skin for the 
second time, the first moult having taken place when they 
were hatched from the egg. At this second moult the larva 
undergoes a considerable change of form ; it becomes unfit for 
locomotion, and the head loses the comparatively large size and 
high development it previously possessed. The Mantispa larva 
—only one of which flourishes in one egg-bag of a spider—under¬ 
goes this change in the midst of a mass of dead young spiders 
it has gathered together in a peculiar manner. It undergoes 
no further change of skin, and is full fed in a few days; after 
which it spins a cocoon in the interior of the egg-bag of the 
spider, and changes to a nymph inside its larva - skin. 

^ VsrK xool,‘hot, Ges, JFien^ xix. 1869, p. 831. 
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Finally the nymph breaks through the barriers—larva-skin, 
cocoon, and egg-bag of the spider—by which it is enclosed, 
and after creeping about for a little, appears in its final 
form as a perfect Mantispa, Thus in this Insect hypermeta¬ 
morphosis occurs; the larval life consisting of two different instars, 
one of which is specially adapted for obtaining access to the 
creature it is to prey on. It should be noticed that though this 
Insect is so destructive to the young spiders, the mother spider 
shows no hostility to it, but allows the destroying larva to enter 
her bag of eggs without any opposition ; she appears, indeed, to 
be so unconscious of the havoc that is going on amongst her 
young that in one case she continued to watch over and protect 
the egg-bag in which the destruction was taking place during 
the whole of the period of tlie larval development and half the 
period of pupation of the Mantispa, 

The larval history of a second species of the Mantispides, 
Symphrasis varia, is partially known; ^ this Insect lives parasiti- 
cally in the nests of a South American wasp, and each larva 
when full fed spins a cocoon in one of the cells of the Hymeu- 
opteron, 

Sub-Fam. 6. Hemerobiides. — Wings in repose forming an 
angular roof over the hody; the antennae moniliform or 
pectinate, not clavate. 

The Hemerobiides consist of several minor groups about 
whose number and characters systematists are not very well 
agreed, and about some of which very little is known. We 
merely mention the latter, giving details as to some of the better 
known only. 

1. The Dilarina are a small group found chiefly in the Old 
World, where, however, they have a wide distribution. North 
and South America have each one species. They are distinguished 
by their antennae, which, in the male, are pectinate somewhat like 
those of many Lepidoptera, this character being of extremely rare 
occurrence in the Neuroptera; the abdomen of the female termi¬ 
nates in a long ovipositor. The metamorphoses are not know n. 

2. Nymphidina: Australian Insects resembling Myrme- 
leonides, but having antennae without club. Metamorphoses not 
known. 

* Brauer, Zool. Am. x. 1887, pp. 212 and 218. 

VOL. V 2 H 
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3. Osmylina: a group of delicate and elegant Insects of 
small or moderate size, distinguished by the possession of three 
simple eyes placed on the middle of tlie head just above the 
antennae. A species of this group, Osmyhis chrysops {maculatus 

of some authors), is an inhabitant 
of Britain (Fig. 212) ; its larva is 
to some extent amphibious. The 
metamorphoses have been ob¬ 
served by Dufour, Brauer, and 
Hagen ; ^ it lurks under stones in 
or close to the water, or in moss, 
or on the stems (if aquatic plants, 
and pierces and empties small 
Insects with its sucking-spears, 
which are very elongate. The 
young are hatclied from tlie egg 
in the autumn and hibernate 
before becoming full grown; 
when this moment arrives the 
larva spins a round cocoon of 
silk mixed witli sand. The pupa, 
B, side view of head "of larva (after or iivinph, ill general appearance 
Brauer), C, pupa (alter Hagen). gomewhat reseiiililcs the perfect 

Insect, except that it is shorter and has the short wing-pads 
clinging close to the body. Dufour denied the existence of 
abdominal spiracles in either larva or imago, but, acxjording to 
Hagen, they are cx^rtainly present in both. It would appear 
that in the larva the alimentary cfuial is nut open beyond the 
chylific ventricle, and that its terminal section is modified to 
form a spinning apparatus. 

Osmyhis and its allies, including Sisyra, are now frequently 
treated as a separate sub-family, Osmylides, equivalent to the 
Chrysopides. In it is placed a very anomalous Insect— Psectra 
dispar —of great rarity. The male has only two wings, the pos¬ 
terior pair being the merest rudiments, though the female has the 
four wings normally developed. Individuals of the male have been 
found ^ in widely separated localities in the Palaearctic region— 
Somersetshire being one of them—and also in North America. 

^ Linnaea cntomoloyim^ vii. 1852, p. 368, with plates. 

* See Albarda in Tijdsehr. Ent. xvii. 1874, p. xvi. 



Pio. 309 .—Osniplits chrysops. A, T^arva ; 
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The genus Sisyra forms for some Neuropterists the type of a 
separate group willed Sisyrina, though by others it is placed, as 
we have said, with the Osmylina, though 
it is destitute of ocelli. The larvae of at 
least one species of this genus are aquatic, 
and have been found in abundance living 
ill Spongilla (^E 2 }liydatui) Jluviatilis, a 
fresh-water sponge; when discovered 
their nature was not at first recognised, 
as they possess on each ventral segment 
a })air of articulated appendages, look¬ 
ing like legs, hut wliich are considered 
to be more of the nature of gills. The 
sucking-spears of this Insect are so 
long and slender as to look like hairs; 
whether the little animal draw’s its 
nutrinumt from the sponge, or merely 
uses this latter as a place of shelter, 
is not asc(*rtain(‘d. 

4. Ilemerobiina : a somewhat num¬ 
erous grcmp of small or more rarely 310.—A, Larva of 

^ . •' fuscatay ventral aspect; an 

mod(*rate-sized Inst*cts, with moniliform aixiominai apjKjndage. (After 

antennae, no ocelli, a complex and Westwood.) 
comparatively regular system of wing-nervures; the veinlets are 
especially numerous at the margins, owing to the mode of forking 





Flo. 311.— Lan'a of 
Hemervbius sp. from 
Kent. A, The larva 
bare; B, the same, 
partially concealed 
by the. remains of 
its victims, etc. ; a 
portion of the cover¬ 
ing has lieen removed 
in order to show the 
hctul. 


of the nervures there (Fig. 298, Drepanepteryx phalaenoides). 
The larvae of most of the sjiecies of which the habits are known 
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live on Aphides, which they suck dry, and at least one species, 
in all probability several, has the habit of covering itself with 
the skins of the victims it has sucked; to these remains it adds 
other small debris, and the whole mass completely covers and 
conceals the Insect (Fig. 311, B). The larva is furnished at 
the sides with projections which serve as pedicels to elongate 
divergent hairs, and these help to keep the mass in place on 
the back of the Insect; some fine threads are distributed through 
this curious mantle and serve to keep it from disintegration, but 
whether they are fragments of spiders* webs or are spun by the 
Insect itself is not quite clear. 

The genus Drejtanepteryx consists of several species, and 
appears to be best represented in the Antipodes; we have, liow- 

ever, one species in Britain— D, plialae-- 
no ides (Fig. 298) — an extremely interest¬ 
ing member of our fauna. This Insect 
has, like scjveral of its congeners, a 
moth-like appearance, and it has a 
peculiar structure for bringing the hind 
and fore wings into correlation, the costa 
at the base of the hind wing Ixnng 
interrupted and prominent, furnished 
with setae (Fig. 312, A), and playing in a 
cavity on the under-surface of the front 
wing. This character is of great interest 
J in connexion with analogous structures 
of a more perfect nature existing in various 
moths, M‘I^chlau has described and 

Fio. 312.-— Portions of wings of figured ^ a more primitive, though analo- 
J)repanepteryxph(daenoides, „,, . . ” , 

A, Under-face of basal parts condition 01 tlie WlllgS 111 MegolomuS 

of the two wings; a, baso fiirtus, also a specics of British Hemero- 
of front wmg ; o, of hind ... ‘■ 

wing. B, Portion of front buna. Another very curious feature of D. 
wing, showing the apparent phcdaenoides is shown in Fiu. 312. B. there 

being a narrow space on the hind part of 
the front wing from which the colour is absent, while the nervures 
appear to be interrupted; they are, however, really present, though 
transparent; the nature of this peculiar mark is quite unknown, 
but is of considerable interest in connexion with the small trans¬ 
parent spaces that exist on the wings of some butterflies. 

^ Tt, erU, Soc, London, 1868, p. 189. 
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Sttb-Fam. 6. Chrysopides, Lacewing-flies. —Fragile Insects with 
elongate, setcuceous antennae. 

The lacewing-flies—also called stink-flies and golden-eyes—are 
excessively delicate Insects, of which we possess about 15 species 
in Britain/ Their 
antennae are more 
slender and less dis¬ 
tinctly jointed than 
tliey are in Heniero- 
biides, and the Chry¬ 
sopides are more 
elongate Insects. The 
peculiar metallic 
colour of their eyes 
is frequently very 
conspicuous, the eyes 
looking, indeed, as if ^^^.-Chrysopajlava. Catnbridge. 

they were composed of shining metal; this fades very much after 


Fia. 314.—Eggs of Chrysopa. A, Five Fio. 815.—Larva of Chrysopa sji. Cambridge, 
eggs on a leaf; B, one egg, more A, The Insect maguilietl ; B, foot moro 
magnified. (After Schneider.) magnified ; C, terminal ap^^aratus of the 

claws, highly magnified. 

death. Although not very frequently noticed, the Chrysopides 
are really common Insects, and are of considerable importance 
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owing to their keeping " greenfly ” in check. The eggs are very 
remarkable objects (Fig. 314), each one being supported at the 
top of a stalk many times as long as itself; in some species 
(0. aspersa) the eggs are laid in groups, those of each group 
being supported on a common stalk. The larvae (Fig. 315) are 
of a very voracious disposition, and destroy large quantities of 
plant-lice by piercing them with sucking-spears, the bodies of 
the victims being afterwards quickly exhausted of their contents 
by the action of the apparatus connected with the spears. The 
larvae of two or three species of Chrysopa cover tliemselves with 
the skins of their victims after the manner of the larvae of 
ITemerobius; but most of the larvae of Chrysopa are unclothed, and 
hunt their victims after the fashion of the larvae of Coccinellidae, to 
which these Chrysopa larvae Ijear a considerable general resemblance. 
These larvae have a remarkable structure at the extremity of their 

fe(^t, hut its use is quite un¬ 
known (Fig. 315, B, C). 
Some larvae of the genus 
make use of various sub¬ 
stances as a means of dis¬ 
guise or ])rotection. Dewitz 
noticed^ thats()inesp(}cimens 
he denuded of tlieir clothing 
and placed in a glass, seized 
small })ieces of paper with 
their mandibles and, bend¬ 
ing the head, placcid the 
morsels on tlunr backs; 
here tlie pieces remained in 
conse(j[uence of the exist¬ 
ence of hooked hairs on 
the skin. Green algae 
or cryptogams are much 
used for clothing, and 
Dewitz supposes that the 
Insect spins them together 
-with webs to facilitate their retention. According to Constant 
and Lucas ^ the larvae of Chrysopa attack and kill the larvae 

^ Biol, CerUralbl, iv. 188.5, p. 722. 

® Bull, Soc, ent, France (6), i. 1881, pp. xxi. and xxxi. 



Fia. 316 .—Chrysopa {Hypochrysa) pallida, 
larva. (After Brauer.) 
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of I^epidoptera and Phytophagous Hyinenoptera. The curious 
form we figure (Fig. 316) has been hatched from eggs found by 
Brauer on Finns ahies in Austria. The eggs were of the stalked 
kind we liave described; the young escaped from them in the 
autumn, twelve days after deposition, but did not take any food 
till tlie following spring. 

The CliTysopides are widely distributed over the eartli’s sur¬ 
face. They form an important part of the fauna of the Hawaiian 
islands. 


Sub-Fam. 7. Coniopterygides. —Minute Insects with very fev) 
(noisccrse ncrvvles in the icings ; having the body and wings 
covered, by a i)oxodery efflorescence. 


These little Insects are the smallest of the Order Neuroptera, 
and have the a])pearance of winged Coccidae; their claim to be 
considered members of the Neuroptera was formerly doubted, 
but their natural liistory is quite concordant with that of the 
Hemerobiid groups, near which they are now always placed. Low 
has made us acciuainted 
with the habits and 
structure of an Austrian 
species, Conioffleryx Ivtea 
Wallg., but for which he 
has proposed the new 
generic name Aleurop- 
teryx; the larvae are 
found on Finns mughus 
at Vienna feeding on 
Asjiidiotus abietis, which 

they pierce with sucking- 317.-Co«top^x p^ormU. Cambridge, 
spears, after the fasllion (After Curtis.) A, The insect with wings ex- 
of the Heinerobiides ; n».g.«fied ; B. with mngs closed, natoal 

when full fed they spin 

a cocoon formed of a double layer of silk, in which meta¬ 
morphosis takes x>li^ce in a manner similar to that of other 
Hemerobiidae. The better - known genus Coniopteryx differs 
from Aleuropteryx in having the sucking - sj)ears short and 
nearly concealed by the front of the head, which is somewhat 
prolonged. 
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We may conclude this sketch of the Hemerobiid groups by 
remarking that fossil remains of specimens of most of them have 



Fio. 318.—A, Larva of Coniopteryx tine\formi»{f). (After Curtis.) B, Heail and pro- 
thorax of larva of Coniopteryx sp*; C» upper surface of head of larva of Coniopteryx 
(after Low), much magnihed. 

Ijeen detected in tVie Tertiary strabi, and that in the Sticondiiry 
strata these groups are represented by only a sniiill number of 
fossils, which are referred specially to Henierobiina, Nymphidina, 
and Chrysopides. 



CHAPTER XXI 

NEUKOPTEKA COyTJNUKU -TUICROFl'EUA, THE PHRYGANEIDAE OR 

CADDIS-FLIES 

Fam. XI. Phryganeidae—Caddis-flies. 

(triciioptera of many authors) 

Wings more or less clothed with, hair, nervures dividing at very 
acute angles^ very few transverse 
ncrvules; hind pair larger than 
the front, with an anal area which 
is f requently large and in repose 
plicately folded. Antennae thread¬ 
like, par reel, of many indistinct 
joints. Mandihlcs absent or obso¬ 
lete. Coxae elongate and free hut 
contiguous. Meta m orphosis grea t; 
larvae caterpillar-like, usually in¬ 
habiting cases of their own con¬ 
striction. Pupa resembling the 
perfect Insect in general form, becoming active previous to 
the last eedysis. Wingless forms of the imago excessively 
rare. 

The caddis-flies are Insects of moth-like appearance, found in the 
neighbourhood of water; their larvae live in this element, where 
they may sometimes l>e found in abundance. Phryganeidae are 
not very attractive Insects, and there are few of large size: 
Hence they have been much neglected by entomologists, and very 
little is known about the exotic forms of the family. The 
habitations constructed by the larvae are, many of them, of a 



Fig. 319.— Hdle^us guttatipennis. 
Britain. (After M‘Lachlan.) 
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curious nature, and usually attract more attention than do the 
creatures they serve to protect. 

The Phryganeidae form the division or series Trichoptera; 
the two terms are therefore synonymous; those entomologists 
who consider these Insects to form a distinct Order use the latter 


appellation for it. 

The perfect Insect, though the wings are usually ample, has 
but feeble powers of flight, and rarely ventures fur from the 

water it was reared in ; it has a moth- 
\ / appearance, and the wings in 

repose meet, at an angle, in a roof-like 
manner over the back (Fig. 326, E). 
7|w\ The head is small, with the front in- 

flexed; it has two large compound eyes, 

' I ' and usually three ocelli; the antennae 

Fig. 320,—Hjfdroptaa angusteiia are slender, thread-like, and occasionally 

attain a great length. The parts ot the 
mouth are very peculiar, the labruni and the palpi—especi¬ 
ally the maxillary palps—being well developed, while the 
lobes of the maxillae and labium are amalgamated and therefore 
indistinct. The labrum is more or less elongate, and is more 
mobile than is usual in mandibulate Insects ; it is held closely 
applied to the maxillae. These latter are small, have usually 
only a single small free lobe; they are united to one another and 
to the labium by membrane in such a manner as to form a 
channel along the middle of the mouth, the labrum forming the 
roof of this channel. The palpi are in some cases (Sericosto- 
matides) of a remarkable nature; their joints vary in number 
from three to five, and differ sometimes in the sexes of the same 
species. The lower lip appears as a plate supporting the labial 
palpi, which are three-jointed and do not exhibit any peculi¬ 
arities of structure comparable with those we have mentioned as so 
frequently existing in the maxillary palps. Difference of opinion 
exists as to the mandibles, some entomologists declaring them to 
be entirely absent, while others state that a small tubercular pro¬ 
cess that may be seen in some species on each side of the labrum 
is their representative. The prothorax is very small, the notum 


is the largest piece but is quite short, the side-pieces are very 
small, and the sternum appears to consist only of membrane. The 
mesothorax is much the largest segment of the body; its sternum 
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is large, but is nearly perpendicular in direction, and is much 
concealed by the elongate, free front coxae, which repose against 
it. The metathorax is intermediate in size l)etween the pro- and 
meso-thorax; its side-pieces are rather large, but tlie sternum is 
membranous, with a heart-shaped piece of more chitinous consist¬ 
ence in the middle, entirely covered by the middle coxae. The 
side-pieces both of the meso- and meta-thorax are large, and are 
closely connected; the middle and j)osterior coxae are very large, 
elongate, and prominent, and the middle pair slope backwards, 
so that their tips are in contact with the tips of the hind 
pair. The abdomen is cylindric and rather slender; it looks as if 
formed of eight segments in addition to the tenninal segment; 
this latter in the male usually bears remarkably modified 
appendages. The first ventral plate is sometimes, if not always, 
entirely membranous; indeed the texture of the segments is in 
general very deliwite, so that they ^ 

shrivel up to an extent that renders \ 

their comprehension from dried 
specimens very difficult. The legs \ ('■ 

are always elongate, tlie coxae attain- 
ing in .some forms a remarkable 
length, and the tibiae and tarsi are 

armed with many spines ; the tarsi ^^ 

are five-jointed, slender, fmpiently 
very elongate, terminated by two h • 

large claws and an a})paratus, jF 

placed between them, consisting of 

a pair of hair-like processes with a fio. 321. —Front view of heail of 

membranous lobe. Am^^ia furcala after removal 

of labrum. o. Ocellus ; an^ base 

The structure of the mouth-parts of antenna ; «M, eye ; cm, cardo ; 
of the I'hryganoute h« give., ‘XrS 

to much difference of interpretation ; maxilla ; g, condyle of articulation 

it ha. r.«..,tly heel, investigated by 

E. Lucas ^ in connexion with Ana- apex of cliaimel of hanstellum (not 

, . , g.v. .irt-tN TT explained by Isiicas); c^itmous 

hohafuTCMta (tig. 321). He agrees pol„t of external lobe of second 
with other observers that mandibles *^'^*^^** * 
are present in the pupa, but states 

that no rudiment of them exists in tlie imago. He calls the 
peculiar structure formed by the combination of the maxillae and 
^ Arch, NcUurges, lix. 1893, Band I. p 285. 


. 321. — Front view of heail of 
Aniifkflia furcala after removal 
of labrum. o. Ocellus ; base 
of antenna; at/, eye ; cm, cardo ; s(, 
stipes ; f, external lobe ; pt^ sup¬ 
port of palpus ; /)?«, palpus of 
maxilla ; g^ condyle of articulation 
of the absent mandible; hOf cliaiinel 
of haustellum ; liaustellum ; sp, 
apex of channel of haustellum (not 
explained by Lucas); chy chitinous 
point of external lobe of second 
maxilla ; ply labial i>alp. (After 
Lucas.) 
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labium a haustellum. He looks on the Trichoptera as possess¬ 
ing a mouth intermediate between the biting and sucking types 
of Insect-mouths. * He considers that the Phryganeidae take 
food of a solid, as well as of a liquid, nature by means of the 
haustellum, but the solid matter must be in the form of small 
particles, and then is probably sucked up by the help of saliva 
added to it. Lucas says also that in the larviie certain parts of 
the salivary glands serve the function of spinning organs, and it 
is from these that the salivary glands of the imago are formed; 
those salivary glands of the larva that are not spinning glands 
disappearing entirely. 

The eggs are deposited in a singular manner; they are ex¬ 
truded in a mass surrounded by jelly; there may be as many as 
one hundred eggs in such a mass. This is sometimes carried 
about by the female after its extrusion from the interior of the 
body, but is finally confided to a suitable place in stream, spring, 
or pool It is said that the female occ*asionally descends into the 
water to affix the egg-mass to some object 
therein, but this requires confinnation, 
and it is more probalde that the egg-mass 
is merely dropped in a suitable situation. 
As soon as the larvae are hatched they 
begin to provide themselves with atses; 
they select small pieces of such material 
as may Ije at hand in the water, and 
connect them together by means of silk 
spun from the mouth. Particulars as to 
these tubes we will defer till we have 
considered the larvae themselves. These 
have the general appearance of cater¬ 
pillars of moths; in order to move about 
they must put their head and the three 
pairs of legs at the front of the body out 
of their tube or case, and they then* look 

A, Larva extracted from very like case-beariiig caterpillars. The 

its case; B, one of the . p v i n 

dorsal spaces of the ab- part of the body that usually remains 

doiiiinai segments more under cover is different in texture and 
strongly mugniheU. . 

colour, and frequently bears outstanding 
processes, or filaments, containing tracheae for the purpose of 
extracting air from the water. Some peculiar spaces of a 
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different texture may be seen on certain larvae (Fig. 322, B); 
these may possibly be also connected with respiration. On 
each side of the extremity of the body there is a rather 
large hook by which the creature attaches its dwelling to its 
body, and there are also frequently present three large bosses 
on the anterior abdominal segment, which are supposed to 
assist towards the same end. The hold it thus obtains is so 
firm that it cannot be dragged out by pulling from the front; 
fishermen have, however, discovered a way of extracting it by a 
strategic operation: the cases are, as a rule, partially open 
behind, and by putting a blunt object in and annoying the 
larva it is induced to relax the hold of its hooks and advance 
forwards in the case, or even to leave it altogether. The firm 
hold of the larva is maintained in spite of the fact that the body 
does not fill the case. It is necessary that water should jjass 
freely into and out of tlie case, and that there should be some 
space for the respiratory filaments to move in. The mouth of 
the cas(i is open, and the posterior extremity is arranged by the 
larva in sucli manner as to allow a passage for the water; various 
ingenious devices are adopted by different species of larvae with 
the object of protecting tlie hind end of the body, and at tlie 
same time of permitting water to pass through the case. 

The mode of changing the skin, or tlie frequency witli which 
this occurs in the larval state of the caddis Hies has not been 
recorded. The duration of life in this 
stage is usually considerable, extending 
over several months: indeed in our 
climate many species pass the winter in 
this stage, completing the metamorphosis 
in the following spring or summer; and 
as one generation each year appears to 
be the rule, it may be assumed that the 
larval condition in such cases lasts from 
seven to ten months. During this stage 
the Insects are chiefly vegetable feeders, 
some being said to feed on minute algae; 323.---A, Piipa ot Pkry- 

, ^ > ganeapuosa. (After Pictet.) 

animal diet is not, however, entirely B, Maudibies of pupa of 

avoided, and it is said by Pictet that Moiantia angusiata. 

not only do some of the Phryganeidae eat other Insects, but that 
they al^ sometimes devour their companions. 
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At the end of the larval period of existence the creature 
closes its case by a light web spun at each end, taking care not 
to prevent the ingress and egress of the water; it sometimes adds 
a stone or piece of stick, and having thus protected itself, changes 
to a nymph. During the first part of this metamorphosis the 
creature is completely helpless, for there is so great a difference 
between the external structures of the larva and nymph as to 
make the latter a new being, so far as these organs are concerned. 
The changes take place in the interior of the larval skin, and as 
they are completed this latter is shed piecemeal. The resulting 
pupa or nymph greatly resembles the perfect Insect, differing 
consequently very much from the larva. Pictet, who paid 
special attention to tlie nymph condition of these Insects, con¬ 
cludes, however, that many of the organs of tiie nymph are 
actually formed within the corresponding parts of the larva, and 
has given a figure that, if trustworthy, shows that the legs of 
the nymph, notwithstanding the great difference between them as 
they exist in the larva and in the perfixtt Insect, are actually 
formed within the legs of the larva; each nymphal leg being 
rolled up in the skin of the corresponding larval leg, in a 
spiral, compressed manner, and the only articulations that can be 
detected in the leg being those of the tarsus. The head of the 
nymph is armed in front with two curious })rojections that are, 
in fact, enormously developed mandibles (Fig. 323,B); they serve as 
cutting implements to enable the nymph to effect its escape from 
its prison; they are cast off with the nymph-skin, the perfect 
Insect being thus destitute of these organs. The abdomen of the 
nymph differs from that of the perfect Insect in possessing 
external respiratory filaments; the nymphs of some species have 
also the middle legs provided with swimming-hairs, that do not 
exist in the imago. 

As a rule the larvae bring the respiratory filaments into con¬ 
tact with the water by moving the abdomen, but Fritz Muller 
found ^ that those of a Macronema move the gills themselves—after 
the manner of Ephemeridae—with much rapidity. Many kinds 
of larvae of Phryganeids possess at the posterior extremity of the 
lx)dy exsertile pouches in the form of finger-like, or even branched, 
processes into which tracheae do not enter. Miiller observed that 
in the Macronema alluded to these pouches were generally not 
^ EnL Nachr, xiv. 1888, j). 274. 
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exserted; when, however, the larva ceased to move the tracheal 
gills, then these pouches were protruded. He is inclined to con¬ 
sider them blood-gills. Similar structures are found in Eristalis 
and some other Dipterous larvae that have to breathe under 
difficulties. 

The imagines of certain species possess filaments—or some¬ 
thing of the sort—on the abdomen. Palmen, who has examined 
these organs in Hydropsychey thinks that they are the remains 
of gills that existed in the larva and pupa, and that they are 
functionless in the imaginal instar. M'Laclilan thinks that in 
Diplectronay where the filaments are elongate, they may Ije 
functionally active even in the imago. ^ 

The skin of the nympli is at first very soft, but it soon 
liardens, and when about fifteen or twenty days have elapsed the 
nymph opens its case by means of the mandibular processes, and 
swims through the water with its back downwards till it reaches 
some solid object by which it can ascend to the air; the nymph 
skin tlieii swells and splits, and the thorax of the imago pro¬ 
trudes ; this is soon followed by the disengagement of the head 
and otlier parts, and the imago having thus escaped, the nymph 
skin remains a complete model of the external structure of the 
nymph, and contains a considerable number of tracheae. This 
sketch of the metamorphosis of a caddis-fly does not ap})ly 
in all its details to all the forms of ciiddis-flies, there being 
exceptions, as we shall mention hereafter. 

Dewitz has described*^ the first appearance and development 
of the wings in larvae of Phryganeidae. Each one appears at 
first in the form of a small thickening of the hypodermis, accom¬ 
panied outwardly by a minute depression of the chitin (Fig. 
»‘124, A). He compares the structure in the earliest stage to the 
entothoracic projections into the interior of the body. The 
rudiment grows as the larva increases in size, the chitinous por¬ 
tion being duly shed at the ecdyses. When the rudiment is larger 
and more complex, a mesoderm layer appears in it (Fig. 324, B); 
this is derived from a nerve-sheath near the rudiment. During 
the resting state of the larva—^after its Ciise has been closed, but 
before the pupal form has appeared—the wing assumes the form 
and position shown in C, Fig. 324. Dewitz’s description of the 
process leaves much to be desired, and it is doubtful whether in 
' Triclutpttra europ. 1878, p. 356, uote. * £erL ent. Zeitschr, xxv. 1881, p, 54 
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C the position of the wing on the exterior of the body is due 
to the stripping off of the chitinous integument, or to a process 
of eversion, or to both. 



Fia. 324. — Development of wings 
of Phryganeidae. (After Dewitz.) 
A, Portion of l>ody-waU of 
young larva of Trichostegin ; 
cA, cliitin, forming at r a pro¬ 
jection into tlie hypotlermis m; 
r ami d forming thus the first 
rudiment of the wing. B, The 
parts in a largely grown larva ; 
«, Cy dy by the much grown hyp<i- 
dermis separated into two parts 
by Vy the penetrating extension 
of the chitin ; r, mesoderm. C, 
Wing-pml of another Phryganeid 
freed from its case at its cliange to 
the ])\ipa ; by dy outer layer of the 
hypodermis, uiy of the body-wall ; 
Vy inner layer without nuclei. 


There are about 500 species of this ftimily of Insects known as 
inhabiting the European region, and about 15 0 of this nurnVier occur 
in Britain. These are arranged l)y M^Lachlan ’—wliose zealous 
and persevering work at thi.s neglected family of Insects is beyond 
praise—in eight sub-families, on a system in which the structure 
of the maxillary palpi plays a principal part; they are called 
Phryganeides, Limnophilides, 

Sericostomatides, Leptocerides, 

Oestropsides, Ilydr-opsychides, 

Ehyacophilides, Hydroptilides. 

The first tliree of these form 
the division “ Inaequipalpia,” 
in which the number of joints 
in the maxillary palpi differs 
in the two sexes, but is always 
five in the female. 

Phryganeides. —This group 
includes the largest forms of 
the family, and appears to be 
almost confined to the tem¬ 
perate regions of the northern hemisphere. 



Fio. 32.5.—Cases of Brilisli Trichoptera. A, 
Of Odonloceruvi albmrrne; A^ its ter¬ 
mination ; B, quadrangular case of Crun- 
oecia irrorata ; B\ moiitli of ease. 


This feature in 


^ Monograph of the British Trichoptera in 2V. ent. Soc, Londony third series, vol. 
V. 1865 ; and Monographic Revision of the European Trichoptera, 1874-1880. 
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their geographical distribution is, however, by no means peculiar 
to them, for a similar discontinuity of distribution exists in 
numerous other groups of Insects, and even in other divisions 
of the Phryganeidae. 

The Phryganeides almost without exception inhabit still waters, 
and it is more specially to them that the brief sketch of meta¬ 
morphosis given in the preceding pages will be found to apply. 
The larva always has the respiratory filaments simple and thread¬ 
like, though elongate, and lives in a case that it carries about; 
this case is open at both ends, and the larva is said to occasionally 
cut off the end having the least diameter and increase the other 
end, thus accommodating the habitation to its own growth. 

Limnophilides. —These Insects have only three, instead of four, 
joints in the maxillary palpi of the male, but in most other respects 
agree with the Phryganeides. There is, liowever, greater variety 
in the habits of the larvae, though all live in free cases. In the 
genus Enoicyla (Pig. 

32G) we meet with the 
anomaly of a Trichopter- 
ous Insect tliat lives 
amongst moss and dead 
leaves, far away, it may 
be, from water. The cases 
of the Limnopliilides are 
constructed of a great 
variety of materials, and 
are often decorated with 
shells containing living 
inmates. 

In the genus Apa- 
tanUt the phenomenon 
of parthenogenesis is 
thought to occur, there being at least two species in which no 
male specimen has ever Ijeen discovered, though M‘Lachlan has 
made special efforts to discover the st'x of A. mulkbris. It 
should, however, he stated that these species have not been ex¬ 
tensively investigated; A, arctica has teen detected in the Arctic 
regions, and A. imdiehris has occurred in several localities in 
Europe, in Britain chiefly near Arundel in a lake of intensely 
cold water. 

VOL. V 2 T 



Fig. 326. — Metaniorphosps of Enoicyla pwtilla. 
(After Ritseiua.) A, Case of full-growii larva ; B. 
larva and case niag:nilied ; C, larva extracted ; D, 
wingless adult female ; E, male. 
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Serico8tomatides> like the Limnophilides, is a group rich in 
species; the larvae are chiefly found in streams. They form 

portable cases out of sand and stones 



Flo. 327.—Cases of JleUcopsyche 
skuUletoorthi, (After von Sie- 
bold.) A, Natural size ; B, C, 
magnified. 


(Fig. 325, B, ease of Crunoecia irrorata) 
in preference to vegetable matter. It 
is here that the genus Helicopsyche, 
which for long was an enigma to 
naturalists, is now placed This genus 
consists of Insects whose larvae form 
spiral cases, similar to small snail shells, 
of sand or minute stones. These objects 
occur in vari(uis parts of the world. 
Fritz Muller ^ lias informed us that the 


larva inhabiting one of them, when it withdraws entirely within 
its abode to repose, takes the precaution of anchoring its snail- 
like habitation, fixing it to a rock or stone by spinning some 
temporary silken threads. The respiratory filaments in this 
group are filiform. 

Leptocerides. —The first group of the division Aequipalpia; 
so that there are five-jointed maxillary palpi in both sexes; 
these organs are frequently developed in a remarkable manner. 
The antennae are usually extremely long and slender. The case 
of the larva is portable (Fig. 325, A, case of Odontocerum)) 
the respiratory filaments are not very conspicuous; they form 
short tufts placed 011 various parts of the abdomen. Muller * has 
called attention to a species whose larva lives in Brazil between 
the leaves of Bromeliae on trees. 


The Oestropsides is a small group, and has recently been 
reduced by M'l^chlan to the rank of an inferior division. 

Hydropsychides. —^An extensive group, in which the larvae 
are believed to be cliiefly of carnivorous habits. They vary, 
according to species, as to the nature of the respiratory 
filaments, and live in fixed abodes; these are less tubular than is 
the rule with the portable cases, and are formed from pieces* of 
sand and stone spun together and fixed to larger stones under 
water. Sometimes several larvae live together in loosely compacted 
structures of this kind, and only form true cfises when about to 
undergo their metamorphosis. Muller de8cril)e8^ a Brazilian species 
of Rhyacophylax as forming a case in which tlie mouth-end has a 


^ Zeitschr, wUa, ZooL xxxv. 1881, PI. IV. fig. 6. 
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large funnel-shaped verandah, covered by a beautiful silken net. 
This larva lives in the rapids of various rivulets, and the entrance 
to the verandah is invariaUy directed towards the upper part of 
the rivulet, so as to intercept any edible material brought down 
by the water. Several of these larvae, moreover, build their crises 
so that they form a transverse row on the upper side of a stone; 
as many as thirty cases may be placed in one of these rows, and 
sometimes several rows are jdaced parallel witli one another. 
Tliis same larva has the habit of coming out of its case when 
necessary, and suspending itself in the water—as some caterpillars 
do in the air—by means of a silken thread. Other members of 
the Hydropsychides form tulK?s or covered ways of silk, eu,rth and 
mud attached to stones, and in which they ciin move freely about. 
Some of the Hydropsychidae have been ascertained with certainty 
to be carnivorous in tlie larval state. A species of the genus 
Jfydropuyv.he has U^en found by Howard^ to help itself in the 
task of ])rocuring focul l)y spread¬ 
ing a net in the water in con¬ 
nexion with the mouth of its 
case. This net is woven in wide 
meshes with extremely strong 
silk, and supported at the sides 
and top by bits of twigs and 
small portions of tlie stems of 
water - jdaiits. Small larvae 
brought down by the current 
are arrested by tliis net for 
the advantage of the larva that lurks in the tube. The 
breathing organs of the larvae of Hydropsychides are apparently 
of a varied character, and would well repay a careful study. Mr. 
Morton informs the writer that some of our British species of 
Philopotamus and Tirndes have no gills eitlier in the larval or 
pupal state, and probably respire by means of modified tracts in 
the integument. In some of the allied genera, e.g. Polycentropus, 
the larvae are destitute of gills, but the pupae possess them. 

The Rhyacophilides is another group in which the larval 
habitations are fixed. Some of these larvae have no respiratory 
filaments, breathing only by means of the stigmata, but othei's 
have tufts of filaments. These Insects have a peculiarity in their 
^ Itep» of iJie Ewtmmlogiat, 1886, p. 610, Washington. 



Fig. 328.—Cose, with head of larva and 
snare of North American Hydropsy- 
(AfUir Riley and Howard.) 


chid. 
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metamorphosis inasmuch as the larva, instead of lying free, con¬ 
structs a cocoon in its case or other habitation in which to change 
to a nymph. In the larvae that do not make use of a portable 
case the abdominal hooks are not essential, and are replaced 
by other organs differing much in structure, being sometimes 
apparently of a sensitive nature, in other forms possibly respira¬ 
tory. Muller tells us of a ciirnivorous larva of this group in 
which the anterior legs are armed with powerful forceps for pre¬ 
datory purposes. 

The Hydroptilides comprise the most minute of the 
Phryganeidae, and their species will prob- 
ably prove to be very numerous in well- 
watered tropiail regions, though few have 
yet been described from tliere. The per¬ 
fect Insects (Fig. P»20) bear an extreme 
resemblance to small moths of the group 
Tineidae. The larvae (Fig. 329) are des¬ 
titute of respiratory filaments, and con¬ 
struct portalde cases of a variety of 
forms, some resembling seeds. Miiller has 
given pcarticulars of a curious nature as 
to the cases of some Brazilian Hydrop¬ 
tilides ; one species moors its dwelling 
to a stone by means of a long silken 
by this artifice combining safety 
larva magnified; A, larva with the powcr of ranging over a con- 
(After extent of water. In Diaulus 

there is only a narrow slit at each end 
of the case, but one side of it is provided with two chimneys to 
permit the flow of water for respiratory purposes. 

The larva of Oxyethira (Fig. 330) is a curious form, possess¬ 
ing comparatively long legs, and a head and thorax slender in 
comparison with the distended hind body. The cases are 
fastened, for the purposes of pupation, to a leaf of a water-lily. 

Some very curious anomalies as regards the development 
of the wings exist in the Phryganeidae; Anomalopteryx, for 
instance, has the wings quite short and useless for flight in 
the male, while in the other sex they are ample; in Enoicyla 
—the curious Insect figured on p. 481, in which the larvae 
are of terrestrial habits—we find the females with only rudiments 
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of wings, while in Thamastes the posterior wings are absent in 
both sexes. These anomalies are 
at present quite inexplicable; and 
we may here mention that we 
are in complete ignorance as to 
the functional importance of 
many of the peculiarities of the 
Phryganeidae. We do not know 
wliy the moutli is reduced from 
the normal state, the maxillary 
palpi being, on the other hand, 
extraordinarily develo])ed ; we do 
not know the importance of the 
numerous spines and of the 
spurs on the legs, nor of the 
hairs on the wings, although 
these are amongst the most 
cliaracteristic of the special features of this group of Insects. 

Fossils. —Abundant remains of Phryganeidae belonging to 
the Tertiary epoch have l)een discovered They are common in 
aml)er, and it is a Kmiarkable fact that a larval case has lieen 
found in amber. Tliis semns almost inexplicable, except on the 
assumption tliat such larvae were of arboreal habits, a condition 
that, at th(‘, present time, must be excessively rare, though the 
terrestrial habits of Emivyla warrant us in believing it may 
occur. In the Tertiary Lake Basin at Colorado the remains of 
Phryganeidae in the imago state are extremely abundant, so 
that it is curious that but few such remains have been found in 
Europe. In Auvergne the so-called indusial limestone, whicli 
is two or tliree yards thick over a wide area, is considered to be 
composed chiefly of the cases of larvae of this family. 

In the Mesozoic epcxih some wings found in the lower Purbeck 
strata are considered to be those of Phryganeidae; similar wings 
have l)een found in the Lias, but this is the only evidence of 
the existence of the family at that period except a tube, supposed 
to l)e a larval case, detected in the Cretaceous of Bohemia 
Earlier than this nothing has been discovered that can be 
connected with the family, so that at present the palaeontological 
evidence appears unfavourable to the view held by some that 
the Phryganeidae may be considered forms allied to the early 



Fig. 330 .—Oxyelhira costalia. Larva 
in case ; B, cases fastened to leaf for 
pupation. (After Klapilek.) 
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conditions of the Lepidoptera. It should be noted that the 
head in Phryganeidae is the most important part from a 
systematic point of view, and that fossils have been chiefly 
identified from the wings; this is a much more doubtful 
character, as the wings of the Phryganeidae have a simple 
system of neuration, and in shape have nothing very charac¬ 
teristic. 


Extinct Order Palaeodictyoptera. 

This seems to be the fittest place to notice the existence of 
some fossil remains from the Palaeozoic rocks that cannot be 
fitly, or certainly, assigned to any of our existing Orders, and to 
which the above name has consecj^uently been given. These 
remains consist chiefly of wings in a more or less imperfect state 
of preservation, and it is therefore quite doubtful whether the 
course of assigning them to a separate Order supposed to be ex¬ 
tinct be correct. This is all the more doubtful when we recollect 
that an Insect fossil, Eugereon bocJdru/i, having the head with 
mouth-parts of a Hemipterous or Dii)terous nature, has been found, 
the wings attached to it being such as, had they been found 
separate, would have been considered to be Neuropterous, or at 
any rate allied thereto. About forty-two forms of Palaeodicty¬ 
optera are assigned by Scudder to a section called Neuropteroidea, 
and may therefore l>e considered to have a special resemblance 
to our Neuroptera. These Neuropteroidea comprise numerous 
genera and no less than six families. Scudder's view is at 
the best tentative, and is not very favourably received by some 
entomologists. Brauer has, indeed, objected altogether to the 
formation of this Order Palaeodictyoptera, and Brongniart has 
published a list of the Palaeozoic Insects in which a system 
of arrangement different to that of Scudder is adopted. In his 
most recent work^ Brongniart assigns some of these Neur- 
opteroidea to the families Platypterides and Protodonates, which 
we have previously discussed. The whole subject of these 
Palaeozoic Insect remains is still in its infancy, and it would 
not be proper to accept any vievr as final that has yet been 
stated, nor would it be fair to dismiss the subject as unimportant 
because of the great divergence of opinion amongst the authorities 
who have investigated it. 

^ Insectea/osailes ties temps primairea^ 1893, p. 88. 



CHAPTER XXII 

HYxMEXOPTERA-HYMENOPTERA SESSILIVENTRES-CEPHIDAE- 

ORYSSIDAE-SIRICIDAE-TENTIIREDINIDAE OR SAWFLIES 

Order IV. H3anenoptera. 

Wings four, membranous, mithout scales, usually transimrent, never 
very large, the posterior pair smaller than the anterior ; the 
cells formed by the nervures irregular in size and form, never 
very numerous {less than twenty on the front, than Jifteen on 
the hind, wing). Mandibles conspicuous even when the other 
parts of the mouth form a proboscis. The side-pieces of the 
prothorax are disconnerted from the pi'orwtum and overlap 
the prosternum, usually entirely concealing it. The females 
arc furnished at the extremity of the body with either sav\ 
sting, or ovipositor; these parts may either he withdrawn 
into the body or be permanently 2}rotruded. The metamor- 
phosis is great and abrupt, the chief changes being revealed 
in the 2mpa, disclosed at the last moult of the larva ; this mouH 
is frequently delayed till long after growth has been com- 
2)leted. In the piqm the p>ttvts of the perfect Insect are seen 
nearly free, each covered in a very delicate skin. 

The term Hymenoptera includes ants, bees, wasps, sawflies, and 
the tribes of innumerable Ichneumon-fliea The Order is of 
enormous extent, consisting even at present of tens of thousands 
of described and named species, and yet these are l)ut few in 
comparison with those that remain unknown. It has good claims 
to 1)6 considered the " highest ” Order of Insects. Sir John 
Lubbock says: If we judge animals by their intelligence as 
evinced in their actions, it is not the gorilla and the chimpanzee, 
but the bee, and above all the ant, which approach nearest to 
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niaii.”^ The mechanical perfection of the structures of the 
individuals, and the rapid and efficient manner in which their 
functions are discharged, are very remarkable. In many species 
of Hymenoptera the individuals have the habit of living together 

in great societies, in 
wliich the efforts of 
the members are com¬ 
bined for the support 
of tlie whole society 
and for the benefit 
of a younger genera¬ 
tion. To fit them 
for til is social life 
the bodies of the 
larger number of the 
individuals are more 
or less changed in 
structure, so that 
th(?y become workers. 
These workers are in 
all cases iini)erfect 
females; besides 
Fig. 331. — Bomhus lucomm. A, ArluU larva ; B, pupa ; carrying Oil the 

C, imago, fenrnl*. Britain. Ordinary Work of tho 

society, they tend and feed the young. The duty of re])roduc- 
tion is restricted to a single female, called a queen, or to a small 
number of such individuals in each society. The males occupy 
an unimportant position in the society, and are usually much 
shorter-lived than the workers and queens. The scxiial Hymen¬ 
optera do not form a single zoological group, but are of three 
different kinds—wasps, bees, and ants. There are numerous 
non-social, or solitary, wasps and bees. 

In the Order Hymenojitera—especially in the higher forms 
—the males and females are often different in appearance and 
structure. In the ants, one of the social groups, the workers, or 
imperfect females, are quite wingless. There are numerous other 
groups in which species, not social, are found, having the females 
wingless while the males have wings. In a few species there is 
an apterous condition of the male, perhaps usually only as a 

* P. enU Soc, Limdon^ 1866 , p. Ixv. 
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dimorphic form. In the parasitic division there are species that 
are apterous in both sexes. The structure of the outer skeleton, 
or external part of the body, exhibits some peculiarities, the chief 
of which is the detachment of the side-pieces of the prothorax and 
their great development. Not less remarkable is the abstraction 
of a segment from the abdomen to become, as it were, part of 
the thorax; while between the first and second true segments of 
the abdomen there exists a joint, or articulation, of the utmost 
mechanical perfection, enabling the operations of stinging and 
piercing to be executed with an accuracy that cannot be surpassed. 

As a result of the detachment of the thoracic side-pieces, the 
front legs and the structures connected with them are disjoined 
from tlie notum, as shown in 
Fig. 3/) 2, and act in coiinex- 
ion with the head, wliile the f 

dorsal portion of the segment 
remains attached to the great 

thoracic mass. The licad is V 

quite free from the thorax | 

and very molule; the upper \ u Vv 

organs of the nioutli—the \ \ ^ a ^ 

labrum and the maiidil)les— / J ^ 

are not sul)j(‘ct to modifica- I ^ \ 

tions equal to those exhibited d 

by tlie maxillae and lower Avith iiead fully ex- 

lip, which parts in the bees jnembrane ; d, mesonotum. 
are prolonged to form a suc¬ 
torial apparatus that may exceed in length the whole body of 
the Insect. Tlie mandibles remain cutting or crushing imple¬ 
ments even when the maxillae and lower lip are mollified to 
form a suctorial apparatus of the kind we have mentioned; so 
that in the higher forms—ants, bees, and wasps—the mouth¬ 
pieces are completely differentiated for two sets of functions, one 
industrial, the other nutritive. 

Behind the head there is a large consoliilated mass represent¬ 
ing the thorax of other Insects, but made up, as w^e have already 
indicated, in an unusual manner, and which therefore may be 
called by a special name, the alitrunk (Fig. 333). The pronotum 
forms the anterior part of the alitrunk, with which it is usually 
very closely connected, being indeed frequently immovably soldered 
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thereto. It exhibits, however, considerable variety, and is seen 



in its simplest and least soldered state in 
Cephus, In the higher bees the pro- 
notum takes on a form not seen in any 
other Insects, being one of the most 
beautiful sclerites to be found in the 
class (Fig. 334, pronotum of Xylocopa), 
We have already remarked that in 
Hymenoptera the lower portions of the 
prothoracic segment are detached from 
the upper, so 
that the pro¬ 
notum is not 
supported be¬ 
neath by a 
sternum as 

USUaL In the 334 .—pronotum of a car- 
bees in ones- P^”^*^** Xplocoj)a sp. 

, ^ Kast India. 

tion the j)ro- 

notum makes up for the removal of the 
corresponding side-pieces and sternum. 



Fio. 333.-Alitnink of Sphex hy becoming itself a complete ring, 
chi'ysis. A, Dorsal aspect; gi(jeg being prolonged and meeting 

turn; r, tegula; rf, ba.se of ID the middle liiie ot the under sur- 

anterior,^,of posterior, wing; f^ce of the body. At the Same time 

47, division of metanotum; ^ i i i i 

median (true first abdoiui- a large lobe IS developed laterally on 

acle • /‘^'"ecLVabdo^^^^ overlying aiul protecting the 

segment^ usually called the first breathing orifice. The intermediate 

Sint” stages of this remarkable modification 

pect of the median seg- may be observed by dissecting a small 
ment: a, upper part; ft, • e hpp^ 

superior, c, inferior abdomi- ®®ries 01 genera OI DCeS. 

nal foramen 
plate of mec 
Cf coxa. 

owing to its being overwrapped by the 
side-pieces, it is really, as shown in Fig. 335, B, of complicated 
form. In Cimhex and some other sawflies the side-pieces are not so 
large as usual, but the prosternum is larger and is exposed. The 


j d, ventral Aiinougn hiie piosiemum 01 a nymen- 
lau segment, Insect is not usually visible 


prothoracic spiracle is rarely visible externally, but its position 
is remarkably constant, and is usually indicated by a peculiar 
lobe or angle of the pronotum projecting backwards just below 
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the insertion of the front wing. This stigmatic lobe is frequently 
fringed with short hairs. 

The mesothorax is the largest of the three divisions of the 
tliorax proper; its notum is large, and usually divided into two 
parts by a transverse suture. The side- 
pieces are so placed that the epimeron is 
rather behind than below the episternuni. 

The inesosternum forms the larger part of 
the under-surface of the alitrunk. A very 
large phragiiia projects from the meso¬ 
thorax into the interior of the body. The 
mesothoracic spiracle is usually not visible; 
its existence was unknown to the older 
eiitomotomists, who were in consequence led 
to consider the spiracle of the median seg¬ 
ment as belonging to the thorax. The meso¬ 
thoracic spiracle is, however, easily seen in 
Cirnhex, placed m the suture between the front legs of the hornet 
mesothoracic epimeron and the metathoracic ^ f ’ 

episternum, a little below the insertion of thorax* overlying ^the 

the front wing; close to this spot the meso- prosteraum ; ft, coxa; 

, ® „ -AY* 7 trochanter. B, pro- 

phragma, just spoken Ot, comes, in Uimbex, sternum proper, as seen 

to the surface. The mesothoracic spiracle traSed^*^^ 

is generally conspicuous in the worker ant. 

The parts of the metathorax are usually small, but so much variety 
prevails in this respect that no general description can be given. 

The structure of the posterior part of the alitrunk has given 
rise to an anatomical discussion that has extended over three- 
quarters of a century,^ with the result that it is now clear that 
the posterior part of what appears to be thorax in Hymenoptera 
is composed of an abdominal segment. This part has been called 
''Latreilie’s segment,” the ‘"median segment,” and the “pro- 
podeum.” Tlie latter term was proposed by Newman, under the 
form of propodeon,** and appears to be on the whole the most 

^ For n history of this complex (xaestion, see Gosch, Naturhist, Tidskr, (Rk. 3) 
vol. xiii. 1881; and also Brauer, SU^. Ak, Wien^ Ixxxv. 1882. 

* IrUrod, hist, Iiisccts, 1841, p. 143. The names proposed by Newman may be 
adopted when it is sfiecially requisite to use terms that are morphologically correct. 
According to his nomenclature the true whole abdomen of petiolate Hymenoptera 
consists of three anatomical parts: 1, the petiole or podeon ; 2, the propodeon or 
part in fix>ut of the petiole j 3, the metapodeon or part behind the petiole. 
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suitable term for this part, which is of great importance in 

systematic entomology, owing to the extreme variety of characters 

it affords. Although it is clear that the propodeurn is, in large 

part, an abdominal segment, yet its morphology is still uncertain; 

what parts are pleural, what tergal, and what may be chitinised 

spiracular area, or portions of the metathorax, being undetermined. 

The ventral portion of the propodeurn affords a strong contrast 

to the dorsal part, being so small that it has frecjuently been 

described as absent; it is, however, not difficult to detect it in 

the position shown at d. Fig. 333, B. 

Although the true first segment of the abdomen is detached from 

its normal position and added to the thorax, yet the term al)domen 

is conventionally restricted to tlie part 

that commen(*es with the true second 

segment, whi(ih, in counting the number 

of abdominal segments, is reckoned as 

being the first. There are two modes 

of articulation of the Hynienopterous 

abdomen with the alitruiik; in one 

(Fig. 336, A) the base of the abdomen 

remains of the wilibre usual in Insects, 

while in the other (Fig. 336, B) it is 

Fig. 336.— Articulation of abdo- greatly contracted, so that the two 
men and alitruiik of, A, C’lwi- o ./ 

hex, B, Vespa, a, Propodeurn parts are Connected only by a slender 

or median segment; h dorsal j^^alk, the petiole. The petiole, Ijcsides 

plate of farst (second tnie) . , . ^ ^ 

abdominal segment or petiole; articulating ill a very perfect manner 

propodeurn by means of cjer- 
of first (second true) abdomi- tain prominences and notches, is also 
nai segment. Connected therewith by means of a 

slender ligament placed on its dorsal aspect and called the 
funiculus, shown in Fig. 333, A, just at the extremity of the 
pointing line k. This mode of articulation gives great freedom 
of motion, so that in some Petiolata {Ampulex) the abdomen can 
be doubled under the body and the sting brought to the head. 
It is worthy of note that even in the Sessiliventres—as the sub- 
Order with broad-based abdomen is called—some amount of 
movement exists at the corresponding spot; while, as shown in 
Fig. 336, A, between a and &, there exists an exposed membrane, 
the homologue of the funiculus. 

The number of abdominal segments that can lie seen in the 
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perfect Insect varies greatly. In Tenthredinidae nine can be 
distinguished, while in some of the Chrysididae it is difficult to 
detect more than three behind the petiole. These distinctions 
are, however, superficial or secondary, being due to changes m 
the later life in connexion with the stings or borers; in the 
larvae that have been examined thirteen segments behind the 
head have usually been detected. 

Nothing is more remarkable in the Hymenoptera than the 
great differences that exist in the form of the petiole. This may 
be very short, as in the bees, so that the abdomen when not 
deflexed does not appear to be separated from the thorax (Fig. 
331, C); in this condition it is said to be sessile, a term which 
it would be well to replace by that of pseudosessile. In many 
of the solitary wasps the petiole is very long. In ants it is re¬ 
placed by one or two curiously-shaped small segments called 
nodes (Fig. GO, B, 2, 3), and in many ants these are provided 
with structures for the production of sound. The abdomen is 
formed by a system of double imbrications; each dorsal plate 
overlaps each ventral plate, and the hind margin of each segment 
embraces the front part of the one following; thus this part of 
the body has not only great mobility, but is also capable of much 
distension and extension. The pleura are apparently absent, but 
each one has really become a part of the dorsal plate of the seg¬ 
ment to which it belongs. This is shown to be the case by 
Cirnhex, where the division between pleuroii and dorsal plate 
exists on each segment except the bas^il one. Owing to this 
arrangement, the abdominal stigmata in Hymenoptera appear 
to be placed on the dorsal plates. 

The organs for mechanical purposes existing at the extremity 
of the body in Hymenoptera exhibit a great diversity of form; 
they are saws, borers, piercers, or stings. Notwithstanding 
their great differences they are all, in their origin, essentially 
similar, and consist of six parts developed from limb-like pro¬ 
longations on the penultimate and antepenultimate segments of 
the larva, as described by Packard and Dewitz.^ These processes 
have by some been thought to be not essentially different from 
abdominal legs, and Cholodkovsky has recently advocated this 
opinion.^ 

^ Zeitschr, wiss, ZooL xxv. 1874, p. 184. 

* Ann, Mag, Nat, Hist, (6) x. 1892, p. 442. 
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The legs of bees exhibit modifications for industrial purposes. 
In the stinging Hyinenoptera the trochanters are usually of a 
single piece, and these Insects are called monotrochous; but in most 
of the other forms the trochanters are more or less distinctly 
divided into two parts (Fig. 345, b). The usual number of joints 
in the tarsus is five, but is subject to diminution in many cases. 
Ill the bees and ants the first joint is altered in form; in the 
bees to act as an instrument for gathering or carrying pollen; in 
the ants to act, as it were, as a second tibia. Between the 
claws there is a very perfect pad, already described and figured 
on p. 106. 

The wings are remarkable for the beautiful manner in which 



Fio. 387.—Wings of a carpenter bee. A, 
The pair of wings separated ; a, posi> 
tion of the hooks: B, the same wings 
when united by the hooks. C, Portions 
of the two wings: a, the series of 
hooks ; 5, marginal hairs ; portion of 
edge of front wing» of which the other 
part has been broken away in order to 
show the hooks. 


the hinder one is united to the 
anterior, so that the two act in 
flight as a single organ. The 
hind wing is furnished with a 
series of hooks, and the hind 
margin of the front wing is 
curled over so that the hooks 
catch on to it. In some of the 
parasitic forms the wings are 
almost destitute of nervures, 
and have no hooks. The powers 
of flight in these cases are prob¬ 
ably but small, the wings merely 
serving to float the Insect in 
the air. In some Hymenoptera, 
especially in Pompilides and 
Xylocopa, the wings may be 
deeply pigmented or even me¬ 
tallic ; and in some forms of 
Tenthredinidae, Ichneumonidae, 
and Braconidae the pigmenta¬ 
tion assumes the form of definite 
patterns. 


The studies of the internal anatomy of Hymenoptera are at 
present by no means numerous or extensive. The alimentary canal 
(Fig. 69) possesses a crop, gizzard, and chylific stomach in addition 
to the oesophagus and intestine. The social Hymenoptera have 
the power of disgorging matter from the alimentary canal for the 
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purpose of supplying food for their young. The crop—which 
is situated in the anterior part of the abdomen—is the reser¬ 
voir that contains this matter. The mode of disgorgement is 
believed to be pressure exerted on the crop by contraction of the 
abdomen. Salivary glands are present in remarkable variety. 
The tracheal system possesses, in the higher winged forms, large 
saccular dilatations situated at the side of the abdomen. The 
nervous system is of peculiar interest on account of the high 
intelligence of many of the members of this Order; and on this 
point of the anatomy, Brandt ^ has made rather extensive inves- 


Fio. 338. — Central nei^'ous system 
(siipra-oesophageal ganglion and ven¬ 
tral chain) of a worker ant, Cam- 
jjonotics liyniperdua. (After Forel.) 

Cerebral liemisphere ; 6, prin>or- 
dial cerebi-al lobe or pedunculate 
l)ody (depressed so as to show other 
parts) ; c, olfactory lobe (raised 
from natural position) ; rf, nerve 
to labrum ; c, antennary nerve; /, 
sca{)e of antenna ; eye; A, optic 
nerve ; i, longitudinal commissures 
connecting the hidden sub-oesopha¬ 
geal ganglion with the prothoracic 
ganglion ; /, mesothoracic, 7w, meta- 
thoracic ganglion ; a, ganglion of the 
petiole; «, nerve from petiole to 
other part of abdomen ; r, q, o, 2nd, 
3rd, 4th abdominal ganglia; j), ter¬ 
minal nerve to cloaca; t bases of 
legs. 


tigations, having examined it in the adult of seventy-eight 
species, and in the larva of twenty-two. In the adult there are 
two cephalic—the supra- and the sub-oesophageal—two or three 
thoracic, and from three to seven abdominal ganglia. The bees, 
wasps, and some other of the Aculeata have only two thoracic 
ganglia, while some ants have three. The supra-oesophageal 
ganglion is very large. The most remarkable fact revealed by 
Brandt’s investigations is the great difference that exists between 
the sexes and the worker caste in the same species. The j)edun- 

^ CH, Ac, PariSy Ixxxiii. 1876, p. 613, and Ann, Mag, Nat, Hist, (4) xviii. 1876, 
p. 504; also Komt Soc, Jtoss, xv. 1880, pp. 20 and 81. 
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culate bodies of the supra-oesophageal ganglion are considered to 
be in their development correlative with that ot the intelligence 
or instinct. In the workers of the social Hynienoptera these 
bodies are very large, while in the males and females they are 
small. The workers and females of Bomhus have six abdominal 
ganglia, while the males have only five; and the worker of the 
honey-bee has five abdominal ganglia, while the male and the 
queen-bee have but four. In the leaf-cutting bee {Megdchile) the 
male has four abdominal ganglia and the female five, and in the 
wasps the workers have five, the males and females six. The 
nervous system in the larvae shows but little difference between 
the ganglia, which are thirteen in number, eight being abdominal. 
In the embryo of the bee Kowalewsky has observed seventeen 
ganglia. The changes that take place from the embryonic 
to the imago condition are therefore directed to the reduction 
in number of the ganglia, which is accomplished by the 
fusion of some of them. In the adult Hymouopterous Insect it 
would appear that the first abdominal ganglion is always joined 
with the last thoracic. 

Sub-Orders. —The distinction in the form of the abdominal 
articulation, previously alluded to (p. 492, Fig. 3.‘>6, A, B), 
divides the Hynienoptera into two great sub-Orders, the members 
of which are very different in their habits and life-histories. 
The Sessiliventres are plant-eaters; their larvae (Fig. 343, A) are 
provided with legs, and are able to protuire tlieir vegetable food 
for themselves. The larvae of the Petiolata are maggot-like 
and helpless, and are dependent for food on supplies afforded 
them by their parents or companions. It is said by Dewitz that 
although the larvae of the Petiolata appear to be legless, there are 
thoracic legs within the body. The luetaraorpliosis, so far as it 
is known, and the early life-history of the Sessiliventres are very 
similar to those of butterflies and moths, except that the pupa is 
soft and has no hard external skin. A few of these plant-eating 
Sessiliventres become carnivorous in the perfect state—a change 
of habit that is most unusual in Insects, though the reverse 
occurrence is common. The larvae of the Petiolata exhibit, in 
the cases that have been examined, the peculiarity that the 
alimentary canal has not any outlet posteriorly until the ter¬ 
mination of the larval stage of existence is ai)proaching. In 
some cases there is no anal orifice; in others this orifice exists. 
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but there is no communication between the stomach and the 
posterior intestine. 

Packard informs us^ that in Bomhus the larva, after it is 
full fed, passes into the pupa state (Fig. 331, A, B) by a 
series of transformations accompanied by moultings of the skin. 
Packard's statements have been confirmed by others, but details 
have not teen fully given, so that the number of the moults, 
their intervals and other particulars, are still unknown. We 
have remarked that the pupal iiistfir is very like the perfect instar, 
except that it is colourless and soft, and that each of the members 
is wrapped in a very delicate skin; the colour appears gradually. 
This metamorphosis exhibits important differences from that of 
the liCpidoptera. Packard calls the Insect, during the stages of 
transformation from the full-fed larva to the pupa, the semi-pupa ; 
the later stages of the pu})a, when the colouring has appeared, he 
terms the subimago. Altogether he considers there is a series of 
at least ten moultings of the skin. Ilis ideas were apparently 
derived from examination of a series of specimens after death 
rather than from observation of the development in living indi¬ 
viduals. Th(} parasitic forms of Hymenoptera have apparently 
extraordinary metamorphoses of very varied kinds. 

Parthenogenesis. —One of the most remarkable facts con¬ 
nected with this Order is tlie prevalence of parthenogenesis in a 
considerable number of widely separated species. In many of 
these Hymenoptera it is not a mere occasional occurrence, but 
plays an imx)ortant j^art in the continuity of the species; in¬ 
deed, it is believed that in some members of the Order the 
reproduction is entirely parthenogenetic. We shall give j)ar- 
ticulars as to some of these cases in subsequent chapters, and 
will here make some remarks on the different forms of jmrtheno- 
genesis existing in the Order. The three forms of parthenogenesis 
mentioned on p. 141 all occur in Hymenoptera. In the gall¬ 
making Cynipidae parthenogenesis is frequently accompanied with 
alternation of generations, a generation consisting of the two sexes 
being followed by another consisting entirely of females, which 
in its turn gives origin to a bisexual generation. In this case 
deuterotokous parthenogenesis is established as a part of the normal 
economy of the species. This same form of parthenogenesis also 
occurs in other species of Cynipidae unaccompanied by alternation 
^ P. Boston Soc, X. 1866, p. 279. 
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of generations. Thus in Rhodites rosae the generations resemble 
one another, and the male is very rare, but is still occasionally 
produced,^ and the same condition exists in other Cynipidae. 
According to the observations of Adler, we may assume that the 
male, in the latter cases, is useless, the continuation of the species 
being effected by virgin females although males exist. Deutero- 
kous parthenogenesis also occurs in the sawflies, but as a com¬ 
paratively rare phenomenon.* 

Thelyotokous parthenogenesis is common in sawflies, and it 
also occurs in some Cynipidae. There are several species of this 
latter family in which no males have ever been found.^ The 
phenomena in Rhodites rosae we have mentioned, give rise to 
the idea that in that species deuterotokous parthenogenesis occurs 
as an exception, the species being usually thelyotokous. A 
most remarkable case of thelyotokous parthenogenesis is said to 
exist in the case of the parasitic ant Tomognathus. This species 
is said to be monomorphic, only the female existing, and repro¬ 
ducing by uninterrupted parthenogenesis. 

Arrhenotokous parthenogenesis— is, parthenogenesis in which 
the progeny is entirely of the male sex—occurs in several species 
of sawflies. We find it also occurring in the case of the social 
Hymenoptera; the w’orkers of ants, bees, and wasps occasionally 
produce eggs parthenogenetically, and the progeny in these 
cases is always of the male sex. In tlie honey-bee the queen 
sometimes produces eggs before she has been fertilised, and 
the parthenogenetic young are then always of the male sex. 

Some species of Hymenoptera exhibit two forms of partheno¬ 
genesis. In Nematus curtispina the parthenogenetic generation is 
generally of the male sex, but a female is occasionally produced; ^ 
while in Hemichroa rufa parthenogenesis may result in either 
deuterotokous or thelyotokous progeny. No case is yet known 
of a species exhibiting the three forms of parthenogenesia From 
this review we may conclude that parthenogenesis does not 
favour the formation of one sex more than another; but it is 
clear that it decidedly favours the production of a brood that is 

^ Adler, Deutsche enl, Zeitschr. xxi. 1877, p. 209. 

* Cuneron, BrU. Phyt. Hym. Kay Society, i. 1882, p. 29, and ii. 1885, p. 218. 

* Cameron, op. oil. iv. 1893, p. 9. 

^ Brit, Phyt, Hym, i. p. 27. Fletcher’s record, referred to by Cameron, men¬ 
tions N. miliarist but this name was probably erroneous. 
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entirely of one sex, but which sex that is differs according to 
other circumstances. 

Production of Sex. —It is believed that a very peculiar form 
of parthenogenesis exists in the honey-bee, and it is confidently 
stated that the drones, or males, of that species are always pro¬ 
duced from unfertilised eggs. These views are commonly called 
the Dzierzon theory, and are widely accepted. They assimie 
that the eggs are male till fertilised, and then become female. 
After the queen-bee is fertilised most of the spermatozoa soon 
find their way into a small chamber, the spermatheca, near the 
posterior orifice of the body; it is believed that each egg may 
1)6 fertilised as it passes the door of this chamber, and that the 
eggs that produce females (i.e. workers or queens) are so ferti¬ 
lised, but that the eggs that produce drones are not fertilised. 
Hence it is supposed that the sex is determined by this act of 
fertilisation, and Cheshire has described what he calls an appa¬ 
ratus for differentiating the sexes. It is also confidently stated 
that no male honey-bee ever has a father. 

The facts we have stated as to the sexes resulting from 
parthenogenetic reproduction in Hymenoptera generally, are 
extremely opposed to the Dzierzon theory, in so far as this 
relates to the production of sex. There have always been 
entomologists^ who have considered this view unsatisfactory, 
and the observations of several recent French naturalists^ are 
unfavourable to the idea that the sex of an egg is determined by 
its fertilisation. 

There aiii be no doubt that the queen honey-bee frequently 
produces males parthenogenetically, and the error of the views 
we are alluding to consists in taking the parthenogenesis to be 
the cause of the sex of the individual. It must be recollected 
that the laying of an unfertilised egg by a fertilised female may 
be different physiologically from the laying of an egg by an 
unfertilised female; for, though both have as result an un¬ 
fertilised egg, it is possible that the fertilisation of the female 
may initiate processes that modify the sex of the eggs produced 
by the ovaries, so that though these may produce previous to 
fertilisation only male eggs, yet after fertilisation they may 
produce eggs of the opposite sex or of both sexes. In other 

' See Perez and Cameron, Tr. I^at, Hist, Soc. Glasgow^ n.s. ii.l8S9, p. 194. 

^ Fabre, Marcha], Nicolas. 
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words, the act of fertilisation may initiate a different condition 
of nutrition of the ovaries, and this may determine the sex of 
the eggs produced. 

Pol3rinorphisin, or Castes. —The question of the causes of 
the modified individuals forming the various castes of the social 
Hymenoptera has been much discussed. These individuals are 
many of them very different in size and structure from either of 
their parents, and are also different in their habits and instincts. 
This difficult subject is far from being completely elucidated. 
In the case of the honey-bee it is well established that an egg of 
the female sex can, after deposition, be made either into a queen 
or a worker-bee by the mode of nutrition—using that word in 
the largest sense. On the other hand, Dewitz thought that in 
the case of the ant Formica riifa, the caste—whether worker or 
winged female—is already determined in the Insect before leav¬ 
ing the egg.^ Weismann and others associate tlie ciiste with 
some hypothetic rudiments they consider to exist at the very 
earliest stage of the embryonic, or oogenetic process. 

Herbert Spencer says: Among these social Insects the sex 

is determined by degree of nutrition while the egg is being 
formed,” and ‘‘ after an egg, predetermined as a female, has been 
laid, the character of the produced Insect as a perfect female or 
imperfect female is determined by the nutrition of the larva. 
That is, one set of differences in structure and instincts is deter¬ 
mined hy nutrition before the egg is laid, and a further set of 
differences in structures and instincts is determined hy nutrition 
after the egg is laidJ' 

Spencer’s generalisation is not inconsistent with the facts 
hitherto brought to light, though it is possible that the progress 
of knowledge may show some variety as to the periods of the 
development at which the commencements of the modifications 
occur. 

Fig. 339 represents the chief castes, or adult forms, existing 
in a community of one of the most highly developed of the 
species of social Hymenoptera, the leaf-cutting ant, Atta cepha- 
lotes. We shall, when dealing with Formicidae, enter into some 
details as to these and other cases of polymorphism. Our object 

^ Zeitschr, toiss. Zool. xxx. Supp. 1878, p. 103. 

* Rejoinder to Professor Weismann, p. 11. Reprint from Contemporary Review, 
December 1893. 




Fio. 339.—Adult forms of Atta {Oecodonm) cephaloits^ taken from a nest in Trinidad 
by Mr. J. H. Hart, 25th June 1895. A, male ; B, winged female ; C‘F, various 
forms unwinged; C, so-called soldier; D, large worker; E, smaller worker; F, 
smallest worker or nurse. All oiiually maguihed (oue aud half times). 
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at present is to bring to the eye of the reader the great diversity 
of outer form that is believed, rightly or wrongly, to result from 
the mode of treatment of the young. And we will also take this 
opportunity of more fully illustrating the remark we made on 
p. 85 as to the profound distinctions that exist between ants 
and white ants, or Termites, notwithstanding the remarkable 
analogies that we shall find to exist in many of their social 
arrangements. 

The analogies we allude to, coupled with the fact that there 
is a certain general resemblance in outer form between the 
workers of Termites and ants, and even between the extra¬ 
ordinary castes called soldiers in the two groups, have given rise 
to the idea that there is a zoological relationship between the 
social forms of Neuroptera and Hymenoptera. The two are, 
however, zoologically amongst the most different of Insects. 
The external skeleton in Termites is remarkable for its im¬ 
perfect development, the sclerites being small and isolated, while 
the segmental differentiation of the body is low (Fig. 225, etc.), 
so that there is no difficulty in counting the segments. In ants 
the reverse is the case as regards both these facts, the various 
segments being most unequal, so that their homologies have only 
been detected after prolonged studies, while the chitinisation and 
articulation of the various parts is so complete that the ant may 
be described as cased in armour, fitting together so exactly that 
it is difficult anywhere to introduce the j)oint of a needle into 
its chinks. The wings of the two kinds of Insects are also 
extremely different. The differences between the inodes of 
growth and development of the two sets of Insects are as pro¬ 
found as the distinctions in their anatomy. Termitidae belong 
to the division of Insects in which the wings are developed 
outside the body; Hymenoptera to the division in which they 
are developed inside the body. In Termites the growth of 
the individual is slow, and the final form is reached gradually. 
In the ants the growth is carried on with great rapidity, and 
during it the Insect is a helpless maggot absolutely dependent 
on the attentions of its seniors, while the difference in form and 
structure between the ant-larva and the ant are enormous. 
Both anatomy and ontogeny are profoundly different in ants 
and Termites. To these distinctions must be added, as of much 
importance, the fact that in Hymenoptera only the female sex 
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is modified for the division of labour, while in Termites both 
sexes undergo this change. Hence it is impossible to suppose 
that the remarkable analogies that exist between the societies of 
ants and those of Termites are due to any common origin. It 
is probably to some similar physiological susceptibilities in the 
ancestors, at an extremely remote epoch, of both groups that we 
must look for an explanation of the interesting resemblances in 
the social lives of ants and Termites. 

The Hymenoptera are no doubt one of the largest Orders of 
Insects, the species of the parasitic tribes being appai-ently 
innumerable. No doubt 250,000 species of the Order exist, and 
possibly the number may prove to be very much larger. Up to 
the present time 25,000 or 30,000 have been discovered. No 
remains of Insects of this Order, of older age than the Lias, 
have been brought to light; it is indeed doubtful whether the 
fossils considered to be Hymenopterous of the period referred 
to are really such. 

The Order, as already mentioned, consists of two very distinct 
sub-Orders, viz.:— 

1 . Hymenoptera Sessiliventrcs ,—Insects with the abdomen broad at the base, 

its first segment not completely amalgamated with the thorax. 

2. Hymenoptera Petioliventres or Petiolata ,—The abdomen connected with 

what appears to be the thorax by a slender joint, the posterior 
part of the apparent thorax consisting of an abdominal segment. 


H3rmenoptera Sessiliventres. —This group has been variously 
called Hyynenoptera phytophaga, II. securifera, H. sessiliventres, 
H. serrifera, H. symphyta. We prefer an old term, taken from 
a character that enables us to recognise at a glance which group 
a species Mongs to. The division or sub-Order may be formally 
defined as follows :— 

Abdomen nearly contiruwiis in ovtline with the thorax, the two 
parts having a broad connexion instead of a small highly 
mobile articulation. Anal lobe of hind wings usually of 
considerable size. Trochanters ditrochous {transversely 
divided into two, Fig. 345), Extremity of body of female 
furnished tvith saws or boring instruments, usually concealed, 
in some cases visible in part. Larvae with complex mouth- 
parts ; three pairs of thoracic legs (imperfect in Cephidae and 
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Siricidae), and frequently with numerous abdominal legs^ 
which are destitute of hooks. Food vegetable. 

The Insects of this sub-Order never exhibit the highly 
specialised habits and activity of the better known petiolate 
Hymenoptera. Though the food in the larval stages is always 
vegetable, there is considerable variety in the larvae and their 
habits; some feed in galls, some in the twigs of plants, some in 
the hard wood of trees and shrubs. The majority, liowever, live 
on the leaves of plants. Those that live in wood (Fig. 342, C) 
resemble in appearance Coleopterous larvae that liave similar 
habits, and those that live on leaves (Fig. 343, A) resemble 
Lepidopterous larvae that do likewise. There are four families 
included in the sub-Order, viz. Cephidae, Oryssidae, Siricidae, 
Tenthredinidae. 

The British Sessiliventres—under the name Phytophagous 
Hymenoptera—have recently been monographed by Mr. l^eter 
Cameron in a series of vols. published by the Ray Society.^ 
These contain many figures and many details relating to natural 
history, in addition to the descriptions of genera and species. 


Fam. I. Cephidae—Stem Sawflies. 

Slender Insects, with weak integument; free, wore or less elongate 
pronotum ; one spine on the front tibia. Larvae living in the 
stems of plants or in the tender shoots of trees and shrubs. 

The obscure little Insects composing this family have slender 
antennae of peculiar form, composed of eighteen to thirty joints, 
two of which are short and stout; then come several long joints, 
with more or less power of movement, the terminal portion 
consisting of an elongate club of many joints with little power 
of movement. The pronoturn is longer than is usual in the 
Hymenoptera, and instead of being very closely connected with 
the mesonotum, it is free and mobile, although its base over- 
wraps the front of the mesonotum. The median plate {i,e, the 
dorsal plate connecting the thorax and abdomen) is divided to 
the bass along the middle, the divisions being separated by a 
membranous piece broader behind; the anal lobe of the posterior 

^ Mon, Brit. Phyt. Hym,, 4 vols. 1882 to 1893. 
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FiCi. 340. — Cephuft pyginaeus. 
Upper figure, larva ; lower, 
female imago. Britain. 
(After Curtis.) 


wings is small but distinct. The female bears a saw at the 
extremity of the body, but it is covered by two flaps; these 
form a short, terminal projection. Although too much neglected, 
the Cephidae are really of great interest 
as being of more irni^erfect or primi¬ 
tive structure than any of the other 
fiiinilies of Hymenoptera. The larval 
history has been traced in several 
species. C. j^ygmaeus is sometimes very 
injurious to corn crops on the con¬ 
tinent of Europe, and even in our own 
country its effects in tliis respect are 
considered to be occasionally serious. 

The egg is laid in the stem of the corn 
plant; the larva soon hatches and eats 
its way upwards in the stem. It is a soft 
grub, apparently footless, but really pos¬ 
sessing six small projections in place of 
thoracic legs. It occupies all the summer in feeding, and when 
full fed and about to prepare for its metamorphosis, it weakens 
the stem by a sort of girdling proc‘ess Ixdow the ear; it then 
descends in the stem to near the root, where it constructs a 
transparent cocoon, in which it passes the winter as a larva, 
changing to a chrysalis in the month of May, and completing 
its development by appearing as a perfect Insect shortly there¬ 
after. The girdling operation is very injurious, and causes the 
corn stem, when ripe or nearly so, to break in two under the 
influence of a strong wind, so that the ears fall to the ground. 

The history of C, integer has been given by Kiley. This 
Insect attacks the young shoots of willows in North America. 
Riley states ^ that by a wonderful instinct the female, after she 
hiis consigned her egg to the twig, girdles the latter, preventing 
it from growing any further, and from crushing the egg by so 
doing. The larva after hatching eats downwards, sometimes 
destroying a length of two feet of the twig; when full grown it 
fills the bottom of the burrow with frass, and then previous to 
making its cocoon eats a passage through the side of the shoot 
about a quarter of an inch above the spot where the cocoon will 
be placed, thus making it easy for the perfect Insect to effect its 
^ Insect Life^ i. 1888, p. 8, 
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escape; it leaves the bark, however, untouched, and is thus pro¬ 
tected in its retreat. A delicate transparent cocoon is then spun 
in which the larva passes the winter, changing to a pupa in the 
following March, and emerging as a perfect Insect about six 
weeks thereafter. 

Somewhat less than 100 species of this family are at present 
known; the great majority are found in the Mediterranean 
region, but there are several in North America. As a single species 
is known from Mexico and another from Japan, it is probable 
that the family may prove to have a wider geographiciil exten¬ 
sion than at present appears to be the ciise. 

Fam. II. Oryssidae. 

The medicin plate hehind the metanotum entire^ not divided in the 
middle; antennae inserted heUm the eyes immediately above 
the mandibles^ under a sharp edye. 

This family consists of the genus Oryssiis, and includes only 
about twenty species, but is nevertheless very wid(dy distributed 

over the world. They are very 
rare Insects, and little is known 
as to their habits; one species, 
0. ahietinns, was formerly found 
in England. Should any one 
l)e so fortunate as to meet with 
it, he can scarcely fail to re¬ 
cognise it on noticing the 
peculiar situation of the base 
of the antennae. In this re¬ 
spect the Chrysididae somewhat 
resemble Oryss^us, but in that 
group of Hymenoptera the hind 
body or abdomen is remarkably 
mobile, so that the Insects can 
coil themselves up by bending 
at this joint; whereas in Oryssus 
the hind body is very closely 
amalgamated with the thorax— 
more so, in fact, than in any other Hymenopterous Insect—and 
has no power of independent movement. 



Fig. 341 ,—Oryssus sayi. North America. 
A, The female Insect; B, bead seen 
from the front. 
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Oryssus ahietimis very closely resembles C, sayi (Fig. 341); 
it has indeed been recently suggested by Mr. Harrington that 
the two supposed species may really be identical. 


Fam. III. Siricidae or Uroceridae. 

Pronotitm closely connected with the mesonotuw, perpendicular in 
front; the anterior lobe of the latter 7wt separated by the 
lateral lobes from the posterior lobe : the median plate {behind 
the metathorax) is divided longitudinally along the middle. 
The female is provided at the extremity of the body vxith an 
elongate, cylindrical boring instrxunent. The larvae live in 
the wood of trees. 


Fig. 342. — 

columba. Nortli 
America. A, 

I mago, female : 

B, pupa, female, 
ventral as^^ct: 

C, larva ; a, im¬ 
perfect legs: D, 
parasitic larva of 
Thaiesfia. (B 
and D after 
Riley.) 


The Insects of this family are usually of large size and of 
bright conspicuous colours; these, however, frequently differ 
greatly in the sexes of the same species, and may be very vari¬ 
able even in one sex. The antennae are filiform and usually 
elongate; the head is usually contiguous with the thorax, but in 
one division, Xyphidriides, it is exserted and sejmrated from tlie 
thorax by a well-marked neck. The pronotum is attached to 
the mesonotum, and possesses very little, if any, freedom of 
movement; it varies in its size, being sometimes conspicuous 
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from above; in the Xyphidriides it is smaller, and in the middle 
is entirely vertical in its direction. The mesonotum is moderate 
in size, and its divisions are delimited by broad vague depressions. 
The prosternum appears to be entirely membranous, but the 
prosternal plates (pleura) are large, and meet together accurately 
in the middle, so as to protect the greater part of the under¬ 
surface of the neck. The abdomen is cvlindrical or somewhat 
flattened above; it has seven dorstil plates in addition to the 
spine-bearing terminal segment. The trochanters are double, 
the outer division being, however, short; the anterior tibia has 
only one spur; the anal lobe of the ])osterior wings is large. 
The “ borer ” or ovipositor of the female is a remarkable organ ; 
it is held projecting directly backwards from the extremity of 
the body, and has the appearance of being a powerful sting. The 
apparatus is much longer than it appears, for it proceeds not 
from the apex of the body, but from the under-surface far for¬ 
wards, so that the part exposed is only about one-half of the total 
length ; it consists of a pair of elongate sheaths, which arc easily 
separable though they wrap together, and enclost? a slender tube. 
This tube is rigid and quite straight; though appearing solid, it 
is really composed of two very perfectly adjusted laminae and a 
third arched piece or roof. The two lower laminae are called 
the spiculae; they are serrated or grooved in a peculiar manner 
near the tip, and although so closely adjusted to the borer or 
upper piece of the tube as to appear to form one solid whole 
with it, they are said to be capable of separate motion. In 
addition to these parts, the termination of the abdomen bears 
above a shorter piece that projects in a parallel plane, and forms 
a sort of thick spine above the ventral pieces we have described; 
this process is very strong, and has in the middle of its under¬ 
face in Sirex gigas a membranous cavity, replaced in S, juvcTicus, 
according to Westwood, by a pair of minute pilose styles. The 
Insect, by means of this powerful apparatus, is enabled to deposit 
her eggs in the solid wood of trees, in which the larva sometimes 
penetrates to the depth of eight inches. 

Sirex gigas is one of the most remarkable of our British 
Insects, but is little known except to entomologists, being usually 
rare. On the continent of Europe it is, however, an abundant 
Insect, especially in the neighbourhood of forests of fir-trees^ 
and is a cause of considerable terror. As the Insect is not 
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capable of inflicting much injury to the person, it is probable that 
the peculiar ovipositor is believed to be a sting. The eggs are 
laid—it is said to the number of 100—in the solid wood of fir- 
trees, but not in perfectly healthy wood; the reason for this, it 
is thought, being that in a healthy tree the great affluence of sap 
caused by the burrows and presence of the Insect would be in¬ 
jurious to the latter. The Sirex will, however, attack a perfectly 
healthy tree immediately after it has been felled. The larva, small 
at first, enlarges its burrows as itself grows larger, and thus the 
wood of a tree may be rendered completely useltjss for trade pur¬ 
poses, although there may be very little outward indication of 
unsoundness. The larva (Fig. 342, C, larva of Tremex') is a pallid, 
niJiggot-like creature, with six projections rej)resenting thoracic 
legs; there are no other legs behind theses, but some slight pro- 
tul)erances take their place; the terminal segment is enlarged, and 
l)ears a hard spine. There is a difference of opinion as to the 
duration of the life of the larva, Kollar saying that in seven 
weeks after the deposition of the egg the maggot is full fed, 
while others consider that it takes two years to attain this con¬ 
dition ; the latt(U’ statement is more probably connect, it l)eing 
the rule that the life of wood-feeding larvae is more than usually 
prolonged. After becoming full fed, the Insect may still pass a 
prolonged period in the wood ])efore emerging as a j)erfect Insect. 
As a result of this it not infrequently happens that the Insect 
emerges from wood that has been carried to a distance, and used 
for buildings or for furniture. A case is recorded in which large 
n\im])ers of a species of Sirex emerged in a house in this country 
some years after it was built, to the great terror of the inhabi¬ 
tants. The wood in this case was supposed to have been brought 
from Canada. 

Fabre has studied ^ the habits of the larva of Sirex atiffnr, 
and finds that it forms tortuous galleries in the direction of the 
longitudinal axis of the tree or limb, and undergoes its meta¬ 
morphosis in the interior, leaving to the perfect Insect the task 
of finding its way out; this the creature does, not by retracing 
its path along the gallery formed by the larva, but by driving a 
fresh one at right angles to the previous course, thus selecting 
the shortest way to freedom. By what perception or sense it 
selects the road to the exterior is quite unknown. Fabre is not 

^ Souvenirs entomologiqxies: quatriime sc*rie, 1891, p. 308. 
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able to suggest any sort of perception that might enable the larva 
to pursue the right course, and considers it must be accomplished 
by means of some sensibility we do not possess. Fabre’s observa¬ 
tion is the opposite of what has been recorded in the case of S. 
gigaSy where the larva is said to prepare the way for the exit of 
the perfect Insect. 

Individuals of Sirex are often found in dried and solid wood, 
encased by metal When the Insect finds itself so confined, it 
gnaws its way through the metal, if this be lead, and escapes. 
The perseverance displayed by the Insect in these circumstances 
seems to indicate a knowledge of the direction in which liberty 
is to be found. 

About 100 species of Siricidae are known. They form two 
sub-families:— 

1. Siricides : back of head nearly or quite contiguous with the pronotuni. 

2. Xyphidriides: back of head separated from the pronotuin by an elongate 

neck. 

We are reputed to possess in Britain two species of each of 
these sub-families, but it is doubtful whether more than one 
Siricid is truly native. Sirex gigas is frequently brouglit over 
in timber, and certainly breeds at times freely in Britain. Mr. 
Leecli has recorded the occurrence of the larvae in abundance 
in fir-trees in the neighbourhood of Dublin. Sirex juvencus 
is more rarely met with. Xyphidria camelus is doubtless a 
native, though now apparently rare. It used to occur about old 
willows, near London, in the New Forest, and, I believe, also 
in the neighbourhood of Cambridge. 


Fam. IV. Tenthredinidae—Sawflies. 

Hymenoptera Sessiliventres, having the pronotum small, accurately 
adapted to the mesonotum ; the anterior lobe of the latter is 
widely separated from the posterior; there are two spurs on 
the anterior tibiae. 2'he larvae usually live on leaves after 
the manner of caterpillars, but a few inhabit galls. 

The sawflies are an important family of Insects, their species 
being numerous, while some of them are, in the larval state, very 
destructive to vegetables and fruit. Being quiet creatures, rarely 
seen on the wing, they are, though common Insects in this 
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country, but little known, and few persons recognise a sawfly as 
such. They are usually of small or moderate size, and the 
numerous species have a great family resemblance. This remark 
requires some qualification in the ease of the Cimbicides, they 
being Insects of larger size—usually surpassing the honey-bee— 

of more robust structure, 
with greater powers of 

antennae are re- 

A ® J markably variable in form 

Wk u V structure. Cameron 

g considers that nine should 

taken as the normal 
their joints; 
but there are only three 
in Hylotoma, while in Lyda 
there may Ixi forty or more. 
The head is usually held 
closely applied to the 
J c Y thorax, but is really borne 

Fio. 343. —Lophyruft pini. Britain. A, Urva ; » neck capable of much 

B, ventral a.spect of pupa j C, imago, male- eloiicratioil (Fiff. 3321 
(After Volleuhoven.) m, i* 

The pronotum torms a 

part of the alitrunk, but is not soldered thereto. Usually the 
prosternum is more or less completely concealed by the side- 
pieces, but in Cimbicides it is larger and conspicuous, the side- 
pieces b(‘ing in this group smaller than usual. The dorsal 
pieces of the mesothorax have their relative proportions different 
to what we find them in the other families of Sessiliventres, and 
even in most of the other Hymenoptera. There is first an 
untero-median lobe of triangular shape projecting, like a wedge, 
far backwards, into the great lateral lotes. These latter form 
the larger part of the area of the mesonotum ; they meet together 
in the middle line, and Ixihind are separated by a deep depression 
from the posterior lol)e, or scutellum of the mesothorax, which 
is frequently divided into two parts, the anterior being the so- 
called scutum. The pieces of the metanotum are short and 
obscure, owing to the great unevenness of their parts; on each 
aide of the middle there is a small membranous space of pallid 
colour. The cenchri, as these spaces are called, are, in Lyda, 
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delicate, membranous, depressed spaces, in front of each of which 
there stands up a flap of membrane. The function of the cenchri 
is quite unknown. The median plate is fastened to the hind 
margin of the mctanotum, and looks quite like one of the dorsal 
plates of the following abdominal segments, from which, however, 
it is separated by a more or less conspicuous membrane. In 
the majority of tlie Tenthredinidae tlie median plate is divided 
along the middle, but in the Cimbicides this is not the case. 
The mesosternum is very large, and the metasternum small, 
so that the middle and hinder pairs of coxae are placed close 
together. The abdomen consists of nine segments, there being 
eight dorsiil plates in addition to the median plate, and seven 
ventral plates besides the terminal armature. There is a pair of 
short cerci, each of a single segment. Tlie trochanters are 
divided; each tibia bears two spurs at the extremity, and the 
tarsi are 5-jointed. 

The most characteristic and interesting of the structures with 
which the Insects of this family are provided is the apparatus 
from which the name of sawfly is derived. As long as two 

centuries ago these instru¬ 
ments excited the admira¬ 
tion of Vallisnieri and of 
lieaumur, who described 
them at length; and it is 
truly astonishing that any 
X)art of a living being 
should }je changed into 
tools so mechanically per¬ 
fect as these siiws are 
(Fig. 344). They serve 
the purpose of assisting 
the female in depositing 
the eggs in a suitable 
situation, the place selected 
being frequently the ten¬ 
der stems of shrubs or 
other plants, or the in¬ 
terior of leaves. These 
organs are therefore of 
They are placed on the 



Fio. 344.—Saws of CMte.x sylvarum. A, The 
pair 8prea<l out and placed in a horizontal jwsi- 
lion; a, the lower margin of the saw pro|)er; 
by the upper margin of the supjmrt: B, two 
teeth of the saw more highly magnified. 

course possessed only by the female. 
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lower aspect of the hinder extremity of the body, where they 
are enclosed and protected by a pair of sheaths, from which 
they can be made to protrude by a little pressure exercised on 
the parts immediately in front of them. Each female possesses 
a pair of these saws; they consist of thin laminae of very 
hard consistence, and are not only toothed at their edge, but in 
many cases each tooth is itself serrate; at the same time tlie 
outer face of the saw is sculptured or plicate in a remarkable 
manner, so that the saw in this way acts as a file or rasp. The 
Insect having selected a suitable place, uses the saws by placing 
the extremity of the abdomen against a twig or leaf, protruding 
the blades, which, moving with an alternate motion, one being 
thrust forward while the other is retracted, act on the plant so 
as to make an incision. Each saw is directed in its movement by 
the support, the pair of supports lacing united at the base by 
membrane as sliown in Fig. 344. In the case of some species, 
—Uylotoma rosae, the common sawfly of our rose-buslies, for 
instance—there is no ditOculty in o]>serving the operation ; in¬ 
deed old Keaumur, when sj)eiiking of the placid disposition of the 
sawflies, suggests that it was given them so that we may easily 
observe their charming operations. We cannot but regret that 
in these days we are unable to take so complacent a view of the 
arrangements of nature. There is much variety in the details 
of the structure of these saws; so much indeed that it is possible 
to identify most of tlie species by means of the saw' alone. 
According to certain observers, the eggs are laid l^y some kinds 
on, not in, the leaves, so that we may conclude that in these 
cases the saws are not used by their possessoiu An incision 
having been made, an egg is placed in it, and also a drop of some 
liquid matter. The egg is at fimt small, but soon increases till 
it becomes twice or three times its former size, and the develop¬ 
ment of the embryo commences. 

The larvae of the Tenthredinidae exhibit great variety, and 
are indeed in this respect more interesting than the perfect 
Insects. The usual rule is that the larvae much resembles 
those of Lepidopterous Insects, and feed exposed on plants in 
the same way as Lepidopterous larvae do. Ihit the exceptions 
are numerous; sometimes the larva is covered with slime, and 
thus protected from various enemies. In other cases it is very 
depressed, a broad creature, of irregular outline, living closely 
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attached to the leaf, soiuewliat after the lashion of a huge scale- 
insect. Some larvae mine between the layers of a leaf, othera roll 
up leaves ; a few Jive in tJie stems of plants, and one or two inside 
fruits. Even tliis does not complete tlie list of tJieir habits, for 
a few species of Nemahis live in galls caused by the deposition of 
the egg. A species of Lyda forms for itself a case out of bits ol 
leaves, and carries this habitation about with it after tlie fashion 
of the Phryganeidae. The number of legs in these larvae is 
unusually great, varying from eighteen to twenty-two—that is, 
three pairs of thoracic legs and eight of abdominal or pro-legs. 
This character offers a ready means of distinguisliing, in the majority 
of cases, these larvae from those of the I^pidoptera in which the 
number of legs varies, but is only from ten to sixteen; moreover, 
the pro-legs in saw'flies are destitute of tiie circles of booklets 
that exist in Lepidoptera. This mode of identifying the 
immature stages of the Tenthredinidae is not, however, always 
satisfactory, as there are some of these larvae that have no pro¬ 
legs at all, but only the three thoracic ])air8. Anotlier point of 
distinction exists, inasmucli as the larvae of tlie siiwflies have 
only one ocellus on each side of the head, whcrt*as in the I^^pi- 
dopterous caterpillars the rule is that then^ are several of thesfi 
little eyes on each side. In addition to this, we should mention 
that the I^epidopterous larva never has any pro-legs on the fifth 
body-segment, whereas in the siiwfiies when jiro-legs are present 
there is always a pair on the segment in (piestion. 

These larvae are of various colours, l)ut the patterns and 
markings they exhibit are not quite like tliose of the Lepidoptera, 
though it would be difficult to make any correct general state¬ 
ment as to the nature of the differences. The variety of their 
postures is very remarkable; and in respect of these also 
Tenthredinidae differ considerably from Jx?pidoptera. Some of 
them hold the posterior part of the body erect, clasping the 
leaf by their anterior legs; others keep the posterior part of the 
body curled up (Fig. 343, A), and some combine these methods 
by curving the posterior part of the body and holding it away 
from the food. These attitudes, like the general form, are 
characteristic for each 8i)ecie8. The Nematus larvae that inhabit 
galls possess all the characteristics of those that feed externally. 
As a rule the skin of the larva is naked and free from hair, but 
it is often minutely tuberculate, and in a few species it is armed 
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with remarkable forked spines. These spines may exist during 
part of the larval life, and completely disappear at one of the 
moults. The creatures are as a rule very sluggish, and move 
about much less than Lepidopterous larvae; many of tliem, when 
alarmed, have the power of exuding a disagreeable liquid, either 
from the mouth or from pores in tlie skin; in the latter cas(i it 
may be sent as a sort of spray to some little distance from the 
body. This operation is said to be very efficacious as a means 
of protecting the larvae from the attacks of parasitic flies that 
are desirous of laying eggs in their bodies. One peculiarity as 
to their colour has attracted the attention of Eeaumur and sul)- 
sequent naturalists, namely, that in the wise of many species a 
great change takes jdace in the colour during the life of the 
larva, and more es])ecially at the period of the last moult. The 
change to the ])U])al state usually takes place in a cocoon, and 
some sjiecies have the j)eculiar habit of forming a dou))le cocoon, 
the outer one l)eing liard and coarse, while the inner is beauti¬ 
fully dedicate. The cocoon is sometimes formed in the earth, 
and in that case it m<ay l)e to a large extent composed of earthy 
matter. The Insect frequently remains a long time in its cocoon 
before emerging as a. perfect Insect; liowever long this time may 
he, it is nearly all of it passed in tlie larval state; when the 
Insect docs cliange to a pujia it speedily thereafter emerges as a 
perfect Insect. In the pupa the parts of the imago may be seen 
enveloptHl in a very delicate, transiuirent skin. 

In Erazil JJIfltHcrus ellisiiy a Siiwfly allied to Hylotomn, 
constructs a nest in which the cocoons of many specimens 
are crowded together, being packed side by side like the cells 
in tlie comb of the l>ee, while the wliole mass is protected by 
a thick outer wall. It is not known in what manner this 
communal work is carried out, but it is interesting to note that 
the cocoons assume to a considerable extent the hexagonal form 
of the cells in the comb of tlie l>ee. Some doubt was expressed 
as to the interpretation put on this structure by Curtis, but his 
oliservations have been confirmed by Smith and Peckholt. 

Several species of sawflies are known to be very injurious to 
crops. One of these—the sawfly of the turnip, Athalia spinarum 
{centifoliae Panz.)—sometimes commits excessive depredations 
on the turnip crops in this country as well as on the continent of 
Europe ; its life-history and anatomy were described by Newport 
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in an essay published by the Entomological Society in 1838. 
The eggs, it appears, are laid singly at the edges of the leaves 
in the month of May, as many as 200 or 300 being deposited by 
one female; as the parent flies are usually gregarious, appearing 
in large numbers in fields of turnips, it is not difiicult to fonn an 
idea of the serious nature of their depredations. The egg grows 
very considerably; the development of the embryo is rapid, 
occupying, even in unfavourable weather, only seven or eight days, 
while in quite congenial circumstiinces it is probable that the 
eggs may hatch about, the fourth day after their deposition. The 
young grub immediately begins to lifcd, and in about five days 
changes its skin for the first time.; it repeats this operation twice 
at similar or slightly longer intervals, tin*, third moult thus occur¬ 
ring when the larva is three or four weeks old; it is then that the 
larva begins to be most destructive. Sunshine and warm weather 
are very favourable to it, and under tluiir influence it grows so 
rapidly that in a few days a fiidd may be almost completely 
stripped of its foliage. This larva is of a sooty black colour, 
and will live on other Cruciferous plants (putt', as w(‘ll as on the 
turnip. When full grown it buries itstdf to a slight depth under 
the surface of the earth, and forms an ovtil c(x.*oon of a firm 
texture, and with many particles of earth closely adlierent to it. 
The perfect fly emerges towards the md of J uly, and a second 
brood will Ije produced in the sfune season if circumstances 
are favourable; in that case the resulting larvae enter the 
ground for the formation of their cocoons in September or 
October, and pass the winter in their c(x*,oons, but still in the 
larval state; changing to pupae in the following spring, and 
appearing as perfect Tiisec*,ts in May. From this account it 
appears not improbable that the oftspring of a single female 
existing in the April of one year may amount by the following 
May—three generations having been passed through in the 
interval—to as many as 27,000,000 larvae. Fortunately the 
creatures are, as Frauenfeld observed, destroyed in very large 
numbers by a parasitic fungus and by a Nematode {Filaria). 

We have, earlier in the chapter, alluded to the fact that the 
phenomena of jjarthenogcnesis jjrevail somewhat extensively 
among sawfliea It is the rule in the family that males are 
very much less numerous than females, and there are some species 
of which no males have been discovered. This would not be of 
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itself certain evidence of the occurrence of parthenogenesis, but 
this has been placed beyond doubt hy taking females bred in con¬ 
finement, obtaining unfertilised eggs from them, and rearing the 
larvae produced from the eggs. This lias Ijeen done by numerous 
observers with curious results. In many cases the partheno- 
genetic progeny, or a portion of it, dies without attaining full 
maturity. This may or may not be due to constitutional weak¬ 
ness arising from the parthenogenetic state. Cameron, who has 
made extensive observations on this subject, thinks that the 
parthenogenesis does involve constitutional weakness, fewer of 
the parthenogenetic young reaching maturity. This he suggests 
may lie compensjited for—when the parthenogenetic progeny is 
all of the female sex—by the fact that all those that grow up 
are producers of eggs. In many cases the parthenogenetic young 
of Tenthredinidae are of the male sex, and sometimes the abnormal 
progeny is of both sexes. In the case of one species—the com¬ 
mon currant Siiwfiy, Ncmains rihesii —the parthenogenetic progeny 
is nearly, but not quite, always, entirely of the male sex; this 
has Ikbcii ascertained again and again, and it is impossible in 
these cases to suggest any advantage to the species to compensate 
for constitutional iiarthenogenetic weakness. On the whole, it 
appears most probable that the parthenogenesis, and the special 
sex produced by it, whether male or female, are due to physio¬ 
logical conditions of which we know little, and that the species 
continue in spite of the parthenogenesis, rather than profit by it. 
It is worthy of remark that one of the species in which partheno¬ 
genesis with production of males occurs —Nematus rihesii —is 
perhaps the most abundant of sawflies. 

Although many kinds of Insects display the greatest solicitude 
and ingenuity in providing proper re(?eptacles for their eggs, and 
in storing food for the young that will be produced, there are 
extremely few that display any further interest in their descend¬ 
ants; probably, indeed, the majority of Insec*ts die U^forc the 
eggs are hatched, one generation never seeing the individuals of 
another. It is therefore interesting to find that a fairly well 
authenticated case of maternal attachment, such as we have 
previously alluded to as occurring in earwigs, has bc^en recorded 
in Perga lewisii, an Australian sawfly of the sub-family Cim- 
bicides. The mother, having deposited about eighty eggs on 
the leaf of a Eucalyptus, remains with them until they hatch, 




SAWFLTES 


CHAP, xxrr 


5i8 


after which she sits over her brood with outstretched legs, and 
with admirable perseverance protects them, so far as she is able, 
from the attacks of parasites and otlier enemies; she quite 
refuses to be driven away from her charges. Mr. I^wis, to 
whom we are indebted for this account/ states that the sawfly 
does not recognise her own special brood, but will give equal 
attention to another brood if she be transferred thereto; and he 
adds that many of the batches of larvae were destitute of any 
maternal guardian. 

There are about 2000 species of sawflies known. A large 
majority of them are found in the European and North Arnericiin 
regions; still, a good many are known to live in South Americji, 
and Perga —one of the genera of the family containing many 
species of large size—is i)eciiliar to the Australian region. 
Although the family includes so many species, very few anomalies 
of structure have been detected in it; one species, Poynjy/ioh/x 
dimorpha Freymuth, is described as ])eing apterous in tlie female, 
and as having the thorax curiously modified in its form. There 
are no very small Insects in the family, and none over the middle 
size. Nearly 400 species have been detected in Britain; this 
number could certainly be increased by persevering resciirches. 
The palaeontological record has hitherto given only a very 
meagre evidence about sawflies. Several species have been 
preserved in amber, and three or four artj known from Tertiary 
strata in Europe and North America. 

’ Tr, cnL Soc, London, i. 1836, p. 232. 



CHAPTER XXITI 

HYMENOPTEUA PETIOLATA-PARASITIC IIYMENOPTERA-CYNIPIDAE 

OR GALL-FLIES-PROCTOTRYPIGAE-ClIALCIDIDAE-ICIINEU- 

MONIDAE-BKACOXIDAE-STEPHANIDAE-MEGALYIUDAE- 

EVANIIDAE-PELECINIDAE-TRIGONALIDAE. 

We now pass to the consideration of the Hymenoptera of tlie 
sub-Order Petiolata, or Apcxirita, as they are styled by Brauer. 
We should make use of the term Petioliventres, for it contrasts 
naturally by its termination with Sessiliventres, were it not that 
the word is so uncouth that we tlunk it better to adopt the 
shorter and more euphonious expression, Petiolata. 

The meml)ers of this sub-Order, without exception, have the 
hind Ijody connected with the thorax by means of a deep con¬ 
striction, so that the base of the abdomen (Fig. 336, B, h) is 
very narrow; the articulation between the two parts is effected 
by means of a complex joint allowing great play, and fiicilitating 
the operations of boring and stinging, processes that are of 
extreme importance in the economy of the great majority of the 
species. The petiole'is sometimes extremely short, but it may 
1)0 so long that it apj^irs like a stalk, at whose extremity is 
borne the remaining part of the abdomen (Fig. 369). 'WTien 
the jx^tiole is very short tlie abdomen reposes close to the back 
of the thorax (Fig. 331, C), and in this case the alxlomen is 
usually described as sessile; while, when it is evidently stalked, 
it is said to be petiolate. These terms ai-e, however, unsuitable, 
as the words sessile and petiolate should be reserved for the 
conditions characteristic of the two sub-Ordera We shall 
therefore use the terms pseudo-sessile and pedicellate for the 
two conditions of the Petiolata. 

The Hymenoptera Petiolata comprises an enormous majority 
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of the Order. Althougli it includes many of the most interest¬ 
ing and important of Insects, its classification 
is but little advanced, for a great many of 
the forms are still rare or unknown. Three 
series may be adopted for the purposes of 
nomenclature. 

1. Parasitica, —Trochanters of two pieces, 
female with an ovipositor. 

2. Tuhulifera ,—Trochanters undivided ; ab¬ 
domen consisting of only three, four, or five 
visible segments. 

3. Aculeata. —Trochanters undivided; abdo¬ 
men consisting of six or seven visible segments; 
female furnished with a retractile sting. 

In the al>8ence of any clear distinction 

Fig. 345 .— Divided (di- between stiiig and ovipositor, these groups are 
trochous) trochanter , . n • % ^ 

of au Ichneumon: merely conventional. The character furnished 

coxa; A, the two by the trochantcrs is unfortunately subject to 

divisions of the tro- . , , . . 

chanter; c, femur, some exceptions, there Ixung a few parasitic 
(For monotrochous which the trocluinters arc not divided, 

335, A, c.) and a few aculeates in which the reverse 

is more or less distinctly the case; moreover, 
the division, when it exists, is in vsome cases obscure, and the two 
pieces are of unequal size. liatzebiirg calls the upper division, 
which is frequently much larger than the other, the trochanter, 
and the lower division the apojihysis. There is much reason 
for believing that the apophysis is really merely a secondary 
division of the femur. The Tubulifera ai-e a comparatively small 
group, and will probably be merged in one of the other two, 
when the anatomy and morphology of the abdomen have been 
more thoroughly elucidated. 



Series 1. Hymenoptera Parasitica or Terebrantia. 

This is one of the most extensive divisions of the class 
Insecta. There can be little doubt that it contains 200,000 
species, and possibly the number may be very much greater than 
this. It is, however, one of the most neglected of the great 
groups of Insects, though it is perhaps of greater economic 
importance to mankind than any other. 
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Insects derive their sustenance primarily from the vegetable 
kingdom. So great and rapid are the powers of assimilation of 
the Insect, so prodigious its capacity for multiplication, that the 
Mammal would not be able to compete with it were it not that 
the great horde of six-legged creatures has divided itself into two 
armies, one of which destroys the other. The parasitic llymen- 
optera are chiefly occupied in destroying the tribes of vegetarian 
Insects; the parasites do this by the simple and efficient device 
of dwelling in the bodies of their hosts and appropriating the 
nutriment the latter take in. The parasites do not, as a rule, 
eat the structures of their host,—many of them, indeed, have 
no organs that would enable them to do this,—but they 
absorb the vegetable juices that, in a more or less altered state, 
form the lymph or so-called blood of the host. The host could 
perhaps starve out his enemies by a judicious system of absten¬ 
tion from food; instead, however, of doing this, he adopts the 
suicidal policy of persistent eating, and as the result of his 
exertions, furnishes sufficient food to his parasites, and then 
dies himself, indirectly stiirved. llatzeburg considers that the 
traditional view that the larvae of parasitic Hymenoj)t('ra live 
by eating the fat-body of their host is erroneous. They imbibe, 
he considers, tlie liquid that fills the body of the parasitised 
Insect.^ 

The wide prevalence of Insect parasitism is appreciated only 
by entomologists. The destructive winter moth —Cheimatolna 
hrumata —is known to be subject to the attacks of sixty-three 
species of Hymenopterous parasites. So abundant are these 
latter that late in the autumn it is not infrequently the case 
that the majority of caterpillars contain these destroyers. Al¬ 
though Lepidoptera are veiy favourite objects with parasitic 
Hymenoptenx, yet other Insects are also pertinaciously attacked; 
tliere is quite a host of Insect ci’eatures that obtain their susten¬ 
ance by living inside the tiny Aphididae, or green-flies,” that 
so much annoy the gardener. A still larger number of pamsites 
attack eggs of Insects, one or more individuals finding sufficient 
sustenance for growth and development inside another Insect’s 
egg. As Insects have attacked Insects, so have parasites attacked 
parasites, and the phenomena called hyperparasitism have been 
develoiied. These cases of secondary paiasitism, in which another 

' Ichncunwnen der ForstinsecUn^ i. 1844, p. 86. 
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species attacks a primary parasite, are extremely numerous. It 
is also pretty certain that tertiary pcarasitism occurs, and Riley 
is of opinion that even quaternary destruction is not outside the 
range of probability. 

The physiological problems connected with Insect parasitism 
are of great interest to the entomologist; the modes of nutrition 
and respiration of these encaged creatures could not fail to be 
most instructive were we fully acquainted with them. It is 
obvious that when an Insect-egg is laid inside another Insect's 
egg, and the parasite has to undergo the whole of its growth 
therein, it is in the strangest condition as regards nutrition. It 
is unnecessary for the intruded egg to havi* ynlk of its own ; 
moreover, the embryonic mode of nutrition may be continued 
during what would, with other Insects, be the larval period. 
And it seems to be the case that both these conditions are 
actually met with in the lives of egg-parasites. The embryology 
and post-embryonic development of parasitic Hynuuioptera have 
already been ascertained to he of the most extraordinary nature. 
Great variety, however, will no doubt be found to exist, as will 1x3 
readily understood if we tabulate the conditions of the early life 
of various parasitic Hymenoptera. 

1. The egg may be laid outside a larva, and the embryonic 
and larval developments may both be passed on the exterior. 

2. The egg may be laid and the embryonic development 
passed through, outside the ho.st, but the })anisite on hatching 
may enter the host, so that the j)ost-embryonic development is 
passed in the lymph of tlie host. 

3. The egg may be laid inside the host, both embryonic and 
post-embryonic developments being gone through in the fluids of 
the host. 

4. The egg may be laid inside another egg, the embryonic 
and post-embryonic developments Ixiing j)a8sed tlu^reirL 

AVe shall And that all these conditions exist in the Inseitts 
we are about to consider. 

We shall treat the series as composed of ten families; but 
we must remind the student that this great subject is still in a 
very unadvanced state j the combined efforts of generations of 
naturalists will be required to perfect it. Of the ten families 
five are comparatively insignificant in number of speciea Many 
of the Cynipidae are not parasitic in habits, but live in galls. 
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After what we have said as to the inode of nutrition of parasites 
it will he uiideistm)d that the j)hy8iological conditions of life 
may not be 8 (j different in a gall-dweller and a parasite as would 
at first be supposed; and it is perliaps not a matter for much 
sur}>rise that good characters cannot be found to separate the 
gallicolous from the parasitic forms. 

Fam. I. C]niipidae—Oall-flies. 

Wings with very few cells, v'ith 7 in (lark (sfigwa) an the 

anterior margin; immotuni fixed to the mesonoiinn, and at 
e(U‘h side extending hark to the j)oint of insertion (f the 
front 'wing. Antennae not elbowed, hat straight, composed of 
a moderate number {U-16) of joints. Early stages 
either in galls or as parasites in the bodies of other Insects. 

The Cynipidae are always small, frequently minute, Insects; 
usually black or ])itchy in 
colour. The simple struc¬ 
ture of the antennae and 
thenumlKU* of their joints are 
of importance as an aid in 
identifying a Cynipid. The 
mesonotum is usually re¬ 
markably convex, and has, 
l)ehind, a luoiuineut scutel- 
lum, which more or less over¬ 
hangs the small metanotum 
and the median segment; 
these are perpendicular in their direction; the sculpture of these 
posterior parts of the alitrunk is usually deep and remarkable. 
The abdomen has usually only a short i>e,tiole, so as to be pseudo- 
st'.ssile; but there are some genera in which this j)art is rather 
long. The abdomen is generally so very much changed in outer 
form that its structure is not easily understood. The visible por¬ 
tion is frequently in larger j)art made up of the greatly enlarged 
dorsal plate of the second or third segment, or of both. These 
large plates are really chiefly composed of free fla^is, and on lift¬ 
ing them up the large ventral platens are disclosed, although these 
appeared previously to be nearly or quite absent. In the female 
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there is a very slender ovipositor, of which only a small part pro¬ 
trudes, although the organ is really elongate; it is drawn into the 

abdomen by means of a peculiar 
series of structures, tbe modi- 
f terminal segments to which 

■ o--/ r it is attached Ixung folded over 

V 1 interior of the body 

^y in sucli a way that the pos- 
terior part Ixjcoines situatetl 
anteriorly. In conformity with 
this arrangement, the oviposi- 

„ * ., ,,, , , tor is biuit double on itstdf. 

Fig. 347.—Ovipositor of ^nirotems laevius- . i .i ‘in 

cuius. (After Adler.) «, «, Th« ovi- the anterior and tlie niKldle 

p<)sUor partmlly coilea; A extremity of 

posterior plate; c, c, muscles. i ^ , , i i 

carried into the body, leav¬ 
ing only a small part jirojecting lieyond the extremity. The 
Cynipid ovipositor is an instrument of much delicacy, and 
is ciipable of a great dcjil of movement; it is usually s(n*rate 
just at the tip, and althougli it looks so very different fi*om the 
cutting axiparatus of the sawtlies (Fig. *144), it si^ems that it is 
really composed of pieces similar in their origin to those of the 
Tenthredinidae. 


The wings frequently bear fine hairs; the paucity of nerv- 
m-es and the absence of the ** stigma *’ are of importance in 
the definition of the family. The most important of the ocdls is 
one called the radial cell, situate just beyond the middle of the 
front part of the wing. 

We cannot enter into a consiilcration of the classification of 
the family, as authorities are not agreed on the subject.^ As 
regards their habits Cyiiipidae are, however, of thrije different 
kinds: (1) the true gall-flies, or Tsenides, which lay an egg or 
eggs in the tissues of a growing plant, in the interior of which 
the larva lives after it is hatched; this mode of life may or 
may not, according to the species, be accompanied by formatioi> 
of a peculiar growth called a gall: (2) Inquilines,^ or guest-flies; 

' Seo Cameron, Brit. Fhyt. Rym. iii. Ray Soc. 1800, p. 152, 

* The term inquiline is applied in entomology to a great variety of conditions 
covered by liie Latin word “inquilinus*’ (incoUnue), signifying a tenant or dweller 
in another’s property. The term parasite is used in a still wider and vaguer sense, 
being in fact applied to a large number of cases, in many of which we do not at 
present understond the exact relations between the two i^irties concerned. This 
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these lay their eggs in the galls formed by the gall-makers 
subsequent to the growth of the galls, of which they obtain 
the benefit: (3) Parasites; these live, like most Ichneumon-flies, 
in the interior of the bodies of other living Insects; they prey 
on a considerable variety of Insects, but chiefly, it is l>elieved, on 
Aphididae, or on Dipterous larvae. These parasitic flies Udong 
to the sub-family Figitides. 

A great deal of discussion has occurred relative to tlie nature 
and origin of galls, and many jKiints still remain obscure. Con¬ 
siderable light has l)cen thrown on the subject by the direct 
observations of modern naturalista Previous to Malpighi, who 
wrote on the subject two hundred years ago, it WiiS supposed that 
galls were entirely vegetable productions, and that the maggots 
found in them were due to spontaneous generation, it having l)een an 
article of Ixilief in the Middle Ages that maggots in geneml arose 
from the various orgjinic substiinces in which they were found, by 
means of the hypothetical process called, as we have Siiid, s|)on- 
taneous generation. Malpiglii was aware of the unsiitisfactory 
nature of such a belief, and having found by observation that 
galls arose from the punctures of Insects, he came to the further 
conclusion that the growth of the gall was due to the injection 
by tlie Insect into the plant of a fluid he termed Ichor, which 
had, he considered, the effect of producing a swelling in the plant, 
something in the same way as the sting of a hee or wasp 
produces a swelling in an animal. Keaumur also made observa¬ 
tions on the gall-insects, and came to the conclusion that the 
latter part of Malpighi's views was erroneous, and that the swell¬ 
ing was not due to any fluitl, but simply to irritation cuuscmI by 
the prick; this irritation iKung kept up by the egg that wtis 
deposiUMl and by the 8ubse<iuent development of the larvii. 
Observations since the time of Reaumur have shown that the 
matter is not quite so simple as he supposed, for though in the 
wise of some galls the development of the gall commences immedi¬ 
ately after the introduction of the egg, yet in other cases, iia in 
the Cynipidae, it does not occur till some time thereafter, being 
delayed even until after the hatching of the egg and the com¬ 
mencement of the development of the larva. Galls are originated 

subject is no doubt destineil to become a most interesting deitariment of entomology. 
Soo Riley, P, eni, Soc, iFashingtoti^ ii. 1893, p. 397 ; and Wasmauu, Zusammengtseiz^ 
(4n etc.^ 1891. 
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by a great variety of Insects, as well as by mites, on many plants; 
and it must not be concluded that a gall has been formed by 
Hymenoptera even wlicn these Insects are reared from one. 
Extremely curious galls are formed by scale-insects of the sub¬ 
family Brachyscelides on Eucalyptus trees in Australia; they are 
much inhabited by parasitic Hymenoptera, and Froggatt has 
obtained 100 specimens of a small black Chalcid from a single dead 
Brachyscelid.' The exact manner in which many of these galls 
originate is not yet sufficiently ascertained; but the subject of 
the galls resulting from the actions of ('ynipidae has received 
special attention, and we are now al»le to form a conception 
of their nature. They are produced 1)y the meristematic or 
dividing tissue of plants, and frecpiently in tlie cambium 
zone, which is caused to develop to an unusual extent, and 
in a more or less abnormal manner, 1)y the presence of the 
Insect. The exact way in which a Gynipid affe(‘ts the plant is 
perhaps not conclusively settled, and may Ik?, found to differ in 
the cases of different Cynipidae, but the view advocated ])y Adler 
and others, and recently stated by Kiley," s(?em8 siitisfactory; it 
is to the effect that the a(.‘tivity of the larva prol^ably affects 
the meristein, Ijy means of a secretion exuded by the larva. 
The mere presence of the egg does not suilice to give rise to the 
gall, for the egg may Ije deposited months l)efore the gall lK?gins 
to form. It is for the same reason iniprobal)le that a fluid injected 
by the parent fly determines the gall's growth. It is true that 
the parent fly does exude a licpiid during the act of oviposition, 
but this is V)elieved to l)e merely of a lubricant nature, and not to 
influence the development. It is said that the gall begins to form 
in some cases lx?fore the larva is actually hatched, but the eggs of 
S(jme Hymenoptera exhilat remarkable phenomena of growth, so 
that the egg, even during development of the embryo in it, may 
in these cases, exert an influence on the meristein. It is to 
reactions between the physiological processes of the meristern 
and the growing Insect that the gall and its form are due. 

The investigations of several recent naturalists lend support 
to the view that only the meristematic cells of the plant can 
^ive rise to a gall. Riley says that the rate of growth of the 
gall is dependent on the activity of the meristein, galls on cat- 

^ P. lAnn, 8(fc, N. S, Wales (2), vii. 1892, p. 357. 

* Science («.«.), i. 1895, p. 467. 
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kins developing the most quickly; those forming on young leaves 
also grow with rapidity, while galls formed on bark or roots may 
take months to attain their full size. 

It is a curious fact that Cynijud galls are formed chiefly on 
oaks, this kind of tree supplying a surprising numl)er and variety 
of galls. The plants that furnish Cyriipid galls in Europe are 
not numerous. A list of them is given by Cameron.^ Several 
species, of the genus Jfihodites, attack rose-bushes. One of the 
l)est known of our British galls is the l)edeguar, found in various 
parts of the country on both wild and cultivated rose-bushes (Fig. 
348), and caused by lihodites rosiie (Fig. 349). This gall has 


Fig. 348.—Beilogiiar 
oii rose, cut across 
to show the cells 
of the larvae ; in 
some of the cells 
larvae are seen. 


the appearance of arising from a twig or stem, but it is really a 
leaf gull. Bazlavsky “ has described the mode of formation of 
the bedeguar. The female lihodites in the spring selects a roscv 
Inid—not a flower-bud—tliat should produce a twig and leaves, 
and pricks this Imd in a systematic manner in three places. The 
three sj^ots of the l)ud pricked by the Insect are the three unde- 
veloptnl leaves that correspond to a complete cycle in the phyllo- 
taxis of the plant. The three rudiments do not develop 
into leaves, but by a changed inode of growth give rise to the 
liedeguar. Usually this gall, tis shown in our figure, is of 
large size, and contains numerous cells; but al>ortive sj^ecimens 
are not infrequently met with; sometimes a small one is seated 
on a rose-leaf, and it is thought that these are due to a failure 
on the part of the Insect to complete tlie pricking operation. 

* Hay Soc, vol. iv. 1893, p. 24. 

« Ternu FUzdek, v. 1882, p. 198, anil Biol, Ccnlratbl, il 1882, p. 017. 
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Cynipidae will not go through their gall-making operations except 
under natural conditions. Giraud ^ attempted to obtain oviposi- 

tion, on gathered twigs of oak, 
from flies in confinement; but, 
although he experimented with 
thousiinds of specimens, they on 
no occasion laid their eggs in 
the fresh shoots placed at their 
disposal, but discharged their 
eggs in little heaps, without 
attention to the twigs. The 
stiiiie observer has also called 
attention to the fact that after 
being deposited in a bud the eggs 
Fia, S49.—Rhotfites rosae, Uiinaie. of certain species of Cyflips will 
Cambridge. remain dormant without produc¬ 

ing, so far as can be seen, any effect on the tree for a period 
of fully ten months, but when the bud l)egins to develop and 
tlie egg hatches then the gall grows. 

The exact mode in which tlie egg is brought to the reciuisite 
spot in the plant is still uncertain. The path traversed by the 
ovipositor in the plant is sometimes of considerable length, and 
far from straight; in some cases iKjfore it actually pierces the 
tissues, the organ is thrust lietween scales or througli fissures, so 
that the terebra, or boring part of the ovipositor, when it reacdies 
the minute seam of cambium, is variously curved and flexed. 
Now as the ciiiial in its interior is of extreme tenuity, and 
frequently of great length, it must be*, a very difficult matter for 
the egg to reach the tissue whei-e it should develop. The eggs 
of Cynipidae are very remarkable lx)dies; they are very ductile, 
and (consist of a head, and of a stalk that in some Ccises is five or 
six times as long as the head, and is itself somewliat enlarged at 
tlie opposite end. Some other Hymenoptera have also stalked 
eggs of a similar kind (Fig. 357, A, egg of Leucospis). It has 
been thought that this remarkable shaiaj permits of the contents 
of the egg being transferred for a time to the narrower parts, and 
thus allows the broader portion of the egg to be temporarily 
compressed, and the whole structure to be passed through a very 
narrow canal or orifice. It is, however, very doubtful whether 
* Ann, Soe, enL France (4), vi. 1866, p. 198. 
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the egg really passes along the canal of the borer. Hartig 
thought that it did so, and Riley supports this view to a limited 
extent. Adler, however, is of a different opinion, and considers 
tliat the egg travels in larger i)art outside the terebra. It should 
be remembered that the ovipositor is really composed of several 
appendages that are developed from the outside of the body; 
thus the external orifice of the Ijody is morphologically at the 
base of the borer, the several parts of which are in longitudinal 
apposition. Hence there is nothing that would render the view 
of the egg leaving the ovipositor at the l)ase inipro]>able, and 
Adler supposes that it actually does so, the thin end being 
retained between the divisions of the terebra. Riley is of opinion 
that the act of oviposition in these Insects follows no uniform 
system. He has observed that in the case of CaUirhytis clavida, 
ovii>o8iting in the buds of Querciis alha, the eggs are inserted by 
the egg-stalk into the substence of the leaf, and that the egg- 
fluids are at first gathered in the posterior end, which is not 
inserted. “ The fluids are then gradually absorl)ed from this 
exi>osed portion into the instn'ted portion of the egg, and by the 
time the young leaves have formed the expostnl [parts of the] 
shells are empty, the thread-like stalk has distippeared, and the 
egg-contents are all conttiined within the leaf tissue.” He has 
also observed that in Biorh iza nigra the pedicel, or stalk, only is 
inserted in the embryonic leaf-tissue, and that the enlarged portion 
or egg-body is at first external. The stime naturalist also records 
that in the case of a small inquiline 8j)ecies, Ceroptres poUtuSy the 
pedicel of the egg is very short, and in this case the egg is thrust 
down into the puncture made by the borer, so that the egg is 
entirely covered. 

Some Cynipidae l)ore a large numlH^r of the channels for their 
eggs before depositing any of the latter, and it would appeiur that 
it is the rule that the boring of the channel is an act scq>anite 
from that of actual oviposition. Adler distinguishes three stages: 
(1) boring of the wvnal; (2) the passage of the egg from the base 
of the ovipositor, where the egg-stalk is pinched lietwecui the two 
gpiculae and the egg is pushed along the ovipositor; (3) after the 
point of the ovipositor is withdrawn, the egg-lnxly enters the 
pierced canal, and is pushed forward by the ovipositor until it 
reaches the bottom.^ 

^ Adkr and Straton, Alternating CkmratimSy 1394, p. 119. 
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About fifty years ago Hartig reared large numbers of certain 
species of gall-flies from their galls, obtaining from 28,000 galls 
of Cynips disticha about 10,000 flies, and from galls of C. folii 
3000 or 4000 examples of this species; he found that all the 
individuals were females. His obst^rvations were subsequently 
abundantly confirmed by other naturalists, among whom we 
may mention Frederick Smith in our own country, who made 
in vain repetited attempts to obtain males of the species of the 
genus Cynips. On one occasion he collected in the South of 
England 4410 galls of C, hollari (at that time called C. ligni- 
cola), and from these he obtained 1562 flies, all of which were 
females. A second effort was attended with similar results. Hartig, 
writing in 1843, after many ye^irs' experience, staUnl tliat though 
he was acquainted with twenty-eight species of tlie genus Cyni})s, 
he had not seen a male of any one of them. During the coui’se 
of these futile attempts it was, however, seen that a possible 
source of fallacy existed in the fact that the Insects were reared 
from collected galls; and these l>eing. similar to one another, 
it was possible that the males might inhabit some different gall, 
Adler endeavoured to put the questions thus raised U) the test 
by means of rearing females from galls, and then getting these 
females to produce, parthenogenetically, galls on small oaks planted 
in pots, and thus completely under control. He was (piite 
successful in carrying out his j)roject, and in doing so he made a 
most extraordinary discovery, viz. that the galls j)ro<luced by these 
parthenogenetic females on his potted oaks, were quite tlifferent 
from the galls from which the flies themselves were i*eared, and 
were, in fact, galls that gave rise to a fly that had lieen previously 
considered a distinct sj)ecies; and of this form l)oth sexes were 
produced. Adler s obsiu’vations have lx*en (confirmed by other natu¬ 
ralists, and thus the o(?currence of alternation of gfmeratimis, one 
of the two generations being parthenogenetic, has Ix'cn thoroughly 
established in Cynipidae. We may mention one aise as illustrat¬ 
ive. A gall-fly called Chilaspis lowii is produced from galls, on 
oak-leaves at Vienna at the end of April, lx>th sexes occurring. 
The female thereafter lays eggs on tlie rilxj of the leaves of the 
same kind of oak, and thus pnxluccs a different gall from that 
which nourished herself. These galls fall off with the leaves in 
the autumn, and in July or August of the following year a gall¬ 
fly is produced from them. It is a different creature from the 
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mother, and was previously known to entomologists under the 
name of Chilaspis nitida. Only females of it occur, and these 
parthenogenetic individuals lay their eggs in the young buds of the 
oak that are already present in the autumn, and in the following 
spring, when the buds open and the leaves develop, those that 
have had an egg laid in them produce a gall from which Chilasjns 
lowii emerges in April or May. In this cme therefore the cycle 
of the two generations extends over two years, the generation 
tliat takes the greater pirt of the time for its production con¬ 
sisting only of females. Adler’s oli.servations showed that, though 
in some species this alternation of generations was accompanied 
by partlienogeiiesis in one part of the cycle, y^^t in other species 
tliis was not the <*ase. lie found, for instance, that some gall¬ 
flies of the genus Aphilofhric produced a series of generations 
tlie individuals of wliich W(*re similar to one anotlier, and were 
all females and parthenogenetic. In some sj)ecies of the old 
genus Cl/nips no males are even yet known to <x*cur. A very 
curious (d)servation was made by the American, Walsh, viz. that 
of galls gatliered l»y him quite similar to one another, some pro¬ 
duced sj)eedily a nundxr of Ijoth st»xes of (\i/nij)s sjnnii/IJica 
much later on in the season the remainder of the galls gave rise 
to females only of an Instxt called Ci/nips ncivulata. It is l)e- 
lieved that the galls gathered by Walsh ^ were really all one 
spH’ies; so that parts of the same generation emerge at difterent 
times and in two distinct forms, one of them parthenogenetic, the 
other consisting of two sexes. It has, however, been suggested 
that Cl/nips s/wntjlfica and C, acicidata may be two distinct species, 
producing quite similar galls. 

Turning now to the questions connected with inquiline or 
guest-flies, we may commence with drawing attention to the 
great practical difliculties that surround the investigation of 
this subject. If we oi)eu a numlxr of specimens of any kind of 
gall it is prokible that st?veral kinds of larvae will l>e found. 
In Fig. 350 we represent four kinds of larvae that were taken 
out of a few bedeguar galls gitthered on one day in a lane near 
Cambridge. It is,pretty certain that No. 1 in this figure repre¬ 
sents the larva of Rhodites rosae, and that Nos. 2 and 3 ai^ 
larvae of inquilines, possibly of Si/n^ri/ns, or of a pirasite ; while 
No. 4, which was engaged in feeding on No. 3 in the^ position 
' P. entom, Soc, Philadelphia^ iL 1864, pp. 447, etc. 
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shown, is possibly a Chalcid of the genus MonodontomeTu$^ or 
may be Callimome hedeguaris. It is clear that, as we cannot 
ascertain what is inside a gall without opening it, and thereby 
killing the tenants, it is a most difficult matter to identify the 
larvae; the only safe method is that of observation of the act of 
ovipositioii; this may be supplemented by rearing the flies from 
galls, so as to ascertain what variety of flies are associated with 
each kind of gall. This last point has been well attended to; 
but the number of cases in which oviposition of inquiline gall¬ 
flies in the galls formed by the Psenides has l)een ascertained by 
direct observation is still very small; they are, however, sulfieient 
to show that the in(|uiliaes deposit their eggs only after the 
galls are formed. 



Fig. 350.—Larvae in- 
Imbitiiig bedeguar 
gall at Oiiiibriilge. 
1, HfuxiUes romtt 
ill cell ; 2 and 3, 
larvae of inqiii- 
lines ; 4, larva of 
aparnsitie iiymen- 
optta'oii. 


Bassett recorded the first cjuse of tlie kind in connexion with a 
North American species, Cynips {CWoptres) (luercus-arhos Fitch. 
He says: “On the first of June galls on Quercus ilicifoiia had 
reached their full size, but were still tender, quite like the 
young shoots of which they formed part. Examining them on 
that day, I discovered on them two gall-flies, wliich I succeeded 
in taking. They were females, and the oviposito of each was 
insertecl into the gall so deeply that they could not redidily free 
themselves, and tliey were removed by force.’' 

The great resemblance of the inquiline gall-fly to the fly that 
makes the gall both dwell in, has Imcn several times noticed by 
Osten Sacken, who says “ one of the most curious circumstances 
connected with the history of two North American blackl:)erry 
galls is, that besides the Diastrophiis, which apparently is the 
genuine originator of the gall, they produce another gall-fly, no 
doubt an inquiline, belonging to the genus Aulax, and showing 
the most striking resemblance in size, colouring, and sculpture to 
the Diastrophus, their companion. The one is the very counterpart 
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of the other, hardly showing any differences, except the strictly 
generic characters! This seems to be one of those curious 
instances, so frequent in entomology, of the resemblance between 
parasites and their hosts! By rearing a considerable number of 
galls of D, nchilosus I obtained this 8})ecies as well as its parasite 
almost in equal nuinl)er8. liy cutting some of the galls open I 
ascertained that a single specimen of the gall frecpiently con¬ 
tained both species, thus setting aside a possible doubt whether 
these Insticts are not produced by two different, although closely 
similar galls.” ^ 

The substance of wliich galls are composed, or rather, perliaps, 
a juice they afford, is apparently a most suitable pabulum for the 
support of Insect life, and is eagerly sought after ]>y a variety 
of Insects; lienee by collecting galls in large quantities many 
Hjiecies of Insects may 1x^ reared from them; indeed by this 
means as many as thirty different kinds of Insects, and belong¬ 
ing to all, or nearly all, the Orders, have In^en obtained from a 
single species of gall. Some galls are sought by liirds, which 
ojHUi them and extract their tenants, even in cases where it 
might 1 h) supposed that the nauseous flavour of the galls would 
forbid such proceedings. 

Not more than 500 species of Psenides and Inquiline Cyni- 
pidae are known from all parts of the world; and of descrilied 
Parasitic ('ynipidae there are only about 150 species. The 
British forms have recently Ix^en treated by Cameron in the 
work we have already several times referred to.' 

A few (yynipidae have lieen found in aml>er; and ivnuiins of 
members of the family, us well as some galls, are siiid by Scudder 
to have been found in the Tertiary strata at Florissant. 

Fant II. Proctotrypidae, or Oxyora. 

Sm/dl ITi/menojdfra, with few, m* even no, nervures hi the winfjfs: 
the pronotvm closely adherent to the 7nesothorax, and at the 
aides rear hint/ haehcat^ds to the jwints of insertion of the 
whigs. The abdomen is pointed, and the pointed apex is 
frequently dejlexed; the ovipositor is not coiled, hut is 
retractile, and when extruded is of tubular form, and appar- 

1 P. rni, Soc, Pkitad. ii. 1863. p, 34. 

^ Brit, Phyt* Hym, vols. iii. and iv. Ray Soc. 1891 and 1893. 
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ently a continuation of the tip of the body. The earlier stages 
are 2 >(tss€d in the bodies, or hi the eggs, of other Arthropods, 

one of tlie most difficult groups of 
Hymeiioptcra to define; some of its 
memliei-s exhibit a great resemblance 
to Aculeate Ilymenoptera. This is 
the c?ase with the Insect we figure 
(Fig. 351). It, liowever, is an 
umloubted Proctotrypid, l>ut there 
are other forms that ai)proach very 
closely in appearance to the Acu- 
leata, or stinging Ilymenoptera; so 
that until a l>etter comi)rehension 
is reached as to the distinction 
between a sting and an ovipositor 
tlie separation between Pnx*totry- 
pidae and Aculeata must 1x3 con¬ 
sidered somewhat arbitrary. 

There is extreme variety in the family; the wings differ 
considerably in sliaj>e and neuration; they are not infrequently 
altogether absent in one or both sexes. The chief distinction of 
the family from other parasitic Ilymenoptera is the tulmlar form 
of the ovipositor; which part appears to be a continuation of the 
tip of the body. This lattiu* is more definitely maiminato than 
usual, and has given rise to the term Oxyura, by which name 
the Proctotrypidae are distinguished in many books. From the 
Chalcididae they are distinguished also by the angles i>f the 
pronotum attaining the tegulae. In this character they agree 
with the Cynipidae, but the ovij>ositor and abdomen are very 
different in form in these two groups, and the Prcxitotrypidite 
very frequently have a pigmented sj)ot or stigma on the front 
wings which is absent in Cynipidae. As if to add to the diffU 
culties the systernatist meets with in dealing with this family, 
some of its meinWs liave the trochanters undivided, as in the case 
of the stinging Hyrnenoptera. The larvae of all that are known 
lead a completely parasitic life in the bodies or eggs of other 
Insects or of Spiders. Sometimes half a dozen sj)ecimen8 may 
find the means of subsistence during the whole of their develop¬ 
ment in a single Insect’s egg. Usually Prexitotrypids pupate in 


The Proctotrypidae is 





Flu. 351 .—Uehyrus anotnal 
Britain. 
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the position in which they have fed up, enclosed each one in a 
more or less dis¬ 


tinct cocoon. In 
Fig. 352 we re¬ 
present a very 
remarkable case 
of Proctotrypid 
pupation ; a 
larva of some 



Fk;. 352.—Pupation of Prnclotrypes sp. in bo<ly of a Ijeetle 
larva. 


iicetle has nourished many sjK^cimens of a species of the genus 
Froctotrypes, and the pupae thereof project from tlie l)ody of tlie 
host, a pair of the parasites issuing from each segmental division 
in a remarkably symmetrical manner. 

Compiiratively little is known as to the habits of the meml)ers 
of this family, but such information as has l)cen obtained leads 
to the conclusion that great variety will be found to exist in 
this respect. We have already mentioned that numerous 8j>ecies 
have been ascertained to feed inside the eggs of Insects or of 
Spiders; others have l)een reared from larvae or from galls of 
the minute Dipterous midges of the family Cecidomyiidae; 
others have lieeii obtained from Cyni})id galls, a few from ants’ 
nests and from green-fly; some sj)ecies are known to attack 
C'oleoptera. The distinguished Irish entomologist, Haliday, has 
written iui account of the proceedings of a specues of Ikthylns} 
from wdiicli it lias Ik^cu supposed that this Insect carries off living 
caterjiillurs, and stoms them in a suitable receptacle as food for 
its progeny, thus anticipating, as it wei*e, the habits of the 
fossorial division of the Aculeata, in which group this instinct 
has, as we shall subseipiently relate, attaineil an astonishing 
degree of jauTection. Huliday’s ol)servation w^as unfortunately 
incompleti^ and has not been subsequently confirmed The 
liethylides are remarkable for their greiit approach in structuie 
to the Aculeates, so much so that entomologists ai'c not agreed 
as to whether certain Insects ai-e Prvictotrypids or Aculeates. 
Fristocera, with a very wide distribution, may be mentioned as 
illustrative of these doubtful forms; but other genera of the 
Bethylides are in many respects very similar to the Aculeates, 
and it is not matter for surprise that Haliday should have con¬ 
sidered the Bethylides to be a tribe of the stinging Hymenoptera. 


^ £ntom, Mag, ii. 1835, p. 219. 
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The genus Scleroderma consists of small Insects much resembling 
ants, and, as well as some of its allies, is of great interest from 
the remarkable phenomena of polymorphism pi'esented by certain 
species. The males in this genus are winged, the females com¬ 
pletely apterous; yet at times winged females are produced—as 
exceptional individuals in a brood of wingless specimens—the 
females in these cases being not only winged, but possessed of 
ocelli like the females of other winged Hymenoptera. Particulars 
of a case of this kind have been given by Sir Sidney Saunders,^ 
and Ashmead also mentions ^ the exceptional occurrence of these 
winged females, Westwood ^ was of opinion that there are three 
forms of the female sex. This subject is of importance in con¬ 
nexion with the production of the various castes in anta 
Although the presence of wings in these Insects is always 



Fig. 353. — Cydops form of 
larva of PUUygaster sp. 


accompanied by the existence of ocelli 
(which, it will l)e rememljercd, are normally 
absent from the wingless individuals), yet 
the converse is not always the ease, for a 
form of the female of Cephalonomia for- 
miciformis, without any wings, yet having 
(xjelli, as well as eyes, well developed, is 
figured by Westwood.'* 

The development of some of the Proc- 
totrypids has Vieen partially described by 
Ganin and others, and is of an extra¬ 
ordinary character. Ganin's observations ® 
were most complete in the case of a 


PlatygostcT, which he found in 
limb; rf, lower Up (the the larva of a very minute Dipteron of 

£■“£„)"J'd-S *'’» Th. FlatygM^ 

“^pfenfdrmig”organ;/, larva changes its form very much in the 
course of its life, resembling at first a 


minute Crustacean rather than an Insect- 


larva; it has a very large rounded anterior portion, while 
behind it terminates in two, or more, tail-like processes* By a 


* Tr, enU Soc, Londm^ 1881, p. 109. 

* BiUL U, S. Museum, No. 45, 1893, p. 28. 

’ Tt. ent. Soc. Lmidan, 1881, p. 117. 

* Tr, ent. Soc. London, 1881, pt. vi. f. 3; pp. 120, 126. 

* ZeUsehr. wiss, Zool. xix. 1869; Ganin’ti observations are described by 
Lubbock, Origin and Metamorphoses of Insects^ 1874, p. 34. 
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very peculiar kind of metauioqjhosis this CyclopsAika larva 
changes into an almost unsegmented, ovifonn larva, destitute of 
appendages; by a second change this creature assumes a tliird 
condition, in which it is similar to the ordinary form of para¬ 
sitic Hymenopterous larvae. Sometimes several of the Plaiy- 
(jaster larvae are found in a single host, but only one of them 
i-eaches this third sUge. Afterwards the third larval instar 
passes into the j)upal stage, which lasts five or six days, and 
then the jn^rfect Insect appears. It is worthy of remark that 
the internal organs undergo quite as remarkable a change as the 
outer form does. I'he nietamorj)lioseJ3 of some otlier Proctotry- 
pidaie have been examined by Ganin, and appeiir to 1x3 of an 
equally interesting character.' 

There is reason to suj>pos(; tliat these riafygastrr panisites 
are of great ecKmomic imiKU'tanee as well as of sc;ientitic interest, 
for riutygastcr hcrrivkii is (»ne of the enemies of the larva of the 
destructive Hessian Hy, Ceddomyin destrvetor. 

The Provtotrypidae are no doubt extremcdy numerous in species, 
but as yet they have lx3en very little studied; a good work on 
the British species is much recpiirecl. A valuable contribution 
has recently lH3en made to the study of the family by Ashme^id, 
in the lKM)k we have already referred to. This volume includes 


much information on 
the natural history of 
these Insects, and the 
outline figures give 
some idea of the great 
variety of external 
form. 

Many entomologists 
include the Mymarides 
in Proctotrypidae, but 
Ashmead considers 
that they should 1x5 
treated as a separate 
family. Alwptns ejccisns 
Westw. (Fig. 354) 
has been frequently said 



Flu. 354.—Westwootl. Britain. 
(Probable size about ^ milUni.) 

to 1x3 the smallest known Insect, the 


’ Sco also Ktdagin, Zoal. Anx, xiii. 1890, p. 418 ; xv. 1892, p. 85 ; and Congr, 
inlemat. Zool. il 1892, pt. i, p. 258. 
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measurement given for it by Westwood ^ being a length of ^ of a 
millimetre—^about of an inch. Mr. Enock has recently 

examined Westwood*s type in the Museum at Oxford, and from 
his information we may conclude that this Insect is probably 
the same as Alaptus fumilus Hal., and that the measurement 
mentioned by Westwood is erroneous, the Insect l)eing really 
about lialf a millimetre long. The Mymarides are, however, 
very minute, some of them not exceeding one-third of a milli- 
meti'e in length. Whether any of them are smaller than the 
beetles of the family Trichopterygidae, some of which are only 
one-fourth of a millimetre long, may Ik? doubted. 

The Mymarides are recognisable by their very minute size, 
and by their peculiar wings. These are slender, destitute of 
nervures, fringed with long, delicate hairs, and stalked at the 
biise. Probably Mymarides may all prove to \ye dwellers in eggs 
of other Insects. The group is remarkable from the fact that it 
contains some of the very few Hymenoptera with aquatic habits. 
Two species were discovered in their winged condition in the 
water of a pond near London by Sir Jolm Lubbock*; one of 
them— Polynema natam Lubbock—pro])ably, according to Mr. 
Enock, the same as Caraphractus duct its Hal., uses its wings 
freely for swimming under water, while tlie other— Prestivichia 
aqiiatica —performs this oi)eration by the aid of its legs. This 
latter Insect seems to be very anomalous, and its position quite 
doubtful. The embryogeny of Polynesia is very j)eculiar, and 
takes place in the egg of a dragon-Hy —Calepteryx virgo —under 
water. According to (jraniii,® in the earliest stages the develop¬ 
ments of the embryos of the Cahptery^: and of the Polynema 
progre.ss simultaneously, but that of the dragon-fly does not pro¬ 
ceed l>eyond the formation of the ventral plate. The Polynema 
appears to leave its own egg at an extremely early stage of the 
embryonic development. It would appear, in fact, that there is 
no definite distinction Ijetween embryonic and larval stagea 
The information given by Ganin leads to the conclusion tha’t a 
complete study of this remarkable mode of development is 
necessary before forming any general ideas as to the nature of 
Insect embryogeny and metamorphosis. 

* TV. Linn, Soc. (2) Zool. i. 1878, p. 587. 

* TV. Linn. Soe, xxiv. 1863, p. 136. • Zeiiachr. vnaa. Zool. xix. 1869, p. 417. 
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Fam. m. Chaicididae. 


Pronotum with some freedom of movement, its angles not extend¬ 
ing to the insertion of the front vn/ngs. Antennae elbowed, 
amsisting of from seven to thirteen joints. Wings unthovt 
a system of cells ; v-ith a single definite nervure j^voeeeding 
from the base near the front margin, or costa; aftervmrds 
j)ftssing to the costa,, and giving off a very short rein more or 
less thickened at its termination. The sj[iccics are, with few 
exceptions, of parasitic habits. 


The Inst^cts of* this family—the rteromalini of liatzeburg— 
are fre(|iieiitly of brilliant colours and of remarkable form; the 
species ai-e very numerous, some 4000 or more having already 
l)€^en descril»ed. Of this numl>er nearly 3000 are European, 
and as there is good reason for supposing that Clialcididae are 
(piite as numerous in the Tropics and in tlie New World as they 
are in Euroi)e, the family will probably prove to l>e one of the 
largest in the class. Al)out twenty sub-families have already l»een 


]»roposed for the classification 
chiefly on tlie number of joints 
tlie antenmui and of the ovi¬ 
positor. This latter exhibits 
gmit variety in external ap- 
jKUirance, due chiefly to the 
iiKKlification in form of the 
baSfil, or of the following ven¬ 
tral alxlominal ])lates, one or 
more of which may lie pro¬ 
longed and altered in form or 
direction, giving rise in this 
way to considerable diversity 
in the shape of the abdomen. 
Correlative with this is a 
gWMit variety in the mode 
of parasitism of the larva. 
Many live in galls, feeding on 


of the group; they are based 
ill the tarsi, and the details of 



^i<;. 3.'>5. — ahrfttanu male. 

Britain. Hyper>paraKite tlimngh Micro- 
(faster of Liftarie di$}tar, aiul acconling 
to Caiiioroii, ]3ara8ite of WtodiUs rosne 
and other gall-flies in Britain. x 10. 
(After Ratzeburg.) 


the larvae of the makers of the galls or on those of the inquilines; 
others attack caterpillars, others pnpie only; some flourish at 


the expense of bees or other Hymenoptera, or of Coccidae 
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and Aphididae, and some deposit their eggs in the egg-cases of 
Blattkhve. The details of the life-history are well known in 
only a few cases. 

The career of Letceospis gigcis has been investigated by Fabre, 
and exliibits a very remarkable form of hypermetamorphosis.^ 

This Insect is of comparatively 
large size and of vivid colours, 
wasp-like, black contrasting with 
yellow, as in the case of the 
wasps; and like these it has the 
wings folded or doubled. The 
female bears a long ovipositor, 
which by a jx}culiar modification 
Fia. 356.— fjigns, female. is packed ill a groove on the 
GihralUir. Inst?ct. Tllis SlH^cdcS 

lives in Southern Eurojie at the exi^ense of Ohftlicodomn mvraria, 



a inason-lKiC that forms cells of a hard cement for its nest, the 
cells being placed together in masses of eonsideralile size ; each cell 
contains, or rather should contain, a larva of the lx?e, and is closed 
by masonry, in the construction of which the bee displays much 
ability. It is the mission of the Leucospis to jienetrate the 
masonry by means of its ovijxisitor, and to deposit an egg in the 
cell of the bee. The jieriod chosen for this predatory attack is 
the end of July or the beginning of August, at which time the 
bee-larva is in the torjiid and jiowerless condition that precedes 
its assumption of the pupal state. Tlie Leucospis, walking alxiut 
leisurely and circumspectly on the masonry of tlie nest, tests it 
repeatedly by touching with the tips of the antennae, for it is 
most imj)ortant that a projicr spot should Ikj selected. The bee’s 
cell is placed in a mass of solid masonry, a considerable part— 
but a part only—of whose area is occupied by the group of cells; 
every cell is closed by hard mortar, making an uneven surface, 
and the face of the masonry is rendered more even by a layer of 
hardened clay outside the rougher material; it is the task of £he 
Lewospis to detect a suitable spot, in the apparently uniform 
external covering, and there to effect the penetration so as to 
introduce an egg into a celL By what sensations the fly may 
be guided is unknown. After a spot has been selected and the 
ovipositor brought into play, the masonry is ultimately pierced 


* Souvtnirs entoTMlogiqueu, Troisitoe sdric, 1886, p, 156. 
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by patient work; sometimes a quarter of an hour is sufficient for 
the purpose, but in othpr cases three hours of uninterrupted 
effort are required Ixifore the end is attained. Fabre expended 
much time in watching this oiKjration, and after the Insect had 
completed it, he marked with a ptuicil the exact spot of the 
masonry that was penetrated, and the date on which it was done, 
and he states that he afterwards found that without any excep¬ 
tion a proper spot had Un^n stdected, and a cell conseipiently 
penetrated. Admirable as the instinct of tlie parasite appears 
from this punt of view, it is nevertheless accompani(*(l by a 
remarkable deficiency in two other resp‘ct^. The first is that 
thougli the spot selected by tlie Leucospis invarialjly gives 
entrance to a cell, yet in the majority of the castes the selected 
cell is not a suitable one; a large numlxir of the cells of the 
Chaiicodoma are not (K'Ciipied by living larvae on the point of 
pupation—though in that case only can the egg of the Leucospis 
hatch and successfully d(‘velop—but l>y dead and shrivelled 
larvae, or by mouldy or dried-up food. And yet, in each case of 
j)enetration, Fabre l»elieves that an egg is deposited, even though 
it may 1 k 3 impossible that it can undergo a successful develop¬ 
ment. Strange as this may apjoear, it is nevertludess nuidered 
less improlmble by the second deficiency in the instinct of the 
parasitti. The Insect ha.s no jwver of recognising a cell that 
has lKH*n previously pierced either by itself or by another of its 
sjK5cie8. One loee larva can only supply nourishment for a single 
larva of the parasite, and yet it is a common occuri'ence for a 
cell to Vh* revisited, pioR^ed again and another egg introduced; 
indeed Fabn^ by means of the cells he had marked, was able to 
assure himsidf that it is no uncommon thing for this to \ye done 
four times; four eggs, in fact, arc sometimc's dep)sited in a cell 
that cannot by any possibility supply food for more than one 
larva. The egg of the Leucospis is a curious objec*t (Fig. 357, 
A), very elongate oval, with one end drawn out and l)ent so as 
to form a hook; it is not placujd at mndom in the cell of the bee, 
but is suspended on the delicate cocoon with which the ChalicO'- 
dovm larva is surrounded at the jieriod of pupition. Fabre 
allowed sufficient time to elapse for the hatching of the larvae 
from the eggs, and then opened some cells where LcMcospis eggs 
had been deposited, in order to obtain the larvae; when doing 
this he was surprised that he never found more than one Leu- 
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cospis larva in a cell Even in cells where he had observed 
more than one act of oviposition, and which he had marked at 
the time, only one larva existed. This induced him to think 
that it was possible that no egg was deposited by the Leiicospu 
at the second penetration. He accordingly examined cells soon 
after the eggs were laid, and thus discovered some that contained 
more than one egg,—indeed in one cell he observed no less than 
five eggs suspended from the C(Xioon of the Chalivodoma ; he was 
also able to demonstrate that eggs were actually deposited in some 
cells that contained no means of support for the larva. How then 
could these two facts \ye reconciled—four or five eggs deposited in 
a cell, only one larva present afterwards ? It is of course impos¬ 
sible to observe the operations of a larva shrouded in the obscurity 
of a cell formed of masoniy, so he transferred some l)ee larvae 
with their destructive companions to glass tul>es, in which he was 
able to note what took j)lace. He found that the egg deposited 
by the Leucospis hatches and produces a very peculiar larva, 
having little resemblance to the Leucospis larva that he had found 
eating the Chcdicodovm larva The primary larva (Fig. 357, B) 
of the Leucospis is an arched worm, moderately de(^ply segmenUul, 
a millimetre or a little more in lengtli, wdth a remarkaldy large 
and abruptly-defined head. The l)ody Ijears 
erect setae, the most remarkable of wldch 
are a pair on the V(mtral asjxnrt of each of 
the segments, each of these ventral setiie 
l)eing borne on a small conical prominence. 
These prominences and stdae starve as ambu¬ 
latory organs, and are sujipleniented in their 
function by a jirotid xiranee at the posterior 
extremity. Tlie little cimture has consider¬ 
able powers of locomotion; it moves, after 
the fashion of many other larvae, by con¬ 
tracting and arching the body so as to bring 
the posterior ])art nearer to the anterior; 
then fixing the hinder part, the anterior is extended and fixed, the 
posterior being again brought nearer to the front. The Leucosjns 
larva when hatched does not at once attack the l)ee larva which is 
to be its future food, but every few hours makes excursions over 
its surface, and even explores the walls of the cell; returning, 
however, always to the cocoon for repose. The object of these 



Fia. 357 .—Leurospis 

A, Egg; B, primary, 
C, 8e<!Oiiflary larva. 
(After Fabre.) 
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excursions is, Fabre believes, to ascertain if another Leucosis egg 
has been laid in the cell, and in that case to destroy it. For 
the food, as we have said, being only enough for one larva, and 
the mother Leticospis frequently laying more than one egg in a 
cell, it is necessary that all the eggs except one should be destroyed. 
Fabre did not actually observe the act of destruction, but he 
found repeatedly in his glass tubes that the supernumerary eggs 
were destroyed, being, in fact, wounded by the mandibles of the 
tirst-hatched larva. After several days of this wandering life 
the tiny destroyer undergoes a first moult, changing its skin 
and appearing tis a very different creature (Fig. 357, C); it 
is now completely destitute of any means of locomotion, very 
deeply segmented, curved at one extremity, with a very small 
head, l)earing extremely minute, scai-cely perceptible, mandibles. 
The sole object of its existence in this state is to extract the 
contents of the Chnlu'odoma larva, and appropriate this material 
to the purposes of its own organisation. This it accomplishes 
not by wounding, teai’ing, or destroying the larva, for that ap¬ 
parently would not answer the purpose; the contents must be 
conveyed while still in their vital state to itself ; and this it 
effects by apj)lying its iiKuith to the extremely delicate skin of 
the victim, the contents of whose IkkIv then gradually pass to 
the destroyer, without any visible destruction of the continuity 
of the integument. Thus the Lencospis larva gradually grows, 
while the bee larva shrinks and shrivels, without, however, 
iu tually suffering denth. The prcK'css of emptying the hee larva 
apparently dws not (xcupy the fjeueospis more than two or three 
weeks, l>eing eomideted by alH>ut the middle of the month of 
August; afterwards the larva remains in the cell by the side of 
the shrivelled skin of its victim for ten or eleven months, at the 
end of which time it assiuues the pupal condition, and very 
shortly thereaftiu* appears as a ix'rfect Insect. 

Momxiontomerus cupreiis is another memlier of the Chalcididae 
that lives parasitically at the exjHjnse of bees of the genus Chali^ 
codoma. Its habits have been sketched by Fabre,^ and exhibit 
considerable diffei'ence from those of Lemospis, It is much less 
in size, and can accommodate itself to a greater variety of food; 
it will, in fact, eat not only the larva of Chcdicodoma, but also 
that of another l)ee, of the genus Stdis, that is frequently found 

* Souvenirs cntomologiques, Troisi^me s^rie, 1886, p. 179. 
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shut up in the cell of the Chalicodoma, at whose expense the 
Stdis also lives parasitically. The Monodontomerus bores a hole 
through the masonry of the bee and deposits its eggs in the cell 
after the fashion of the Leucospis; one bee larva is, however, 
sufficient food for several individuals of the young of this smaller 
parasite. There is no hypermetamorphosis, the early larval 
condition resembling the later. This Insect attficks not only 
Chalicodoma and Stelis, as already mentioned, but also other bees; 
and a single larva of some of the larger kinds will affortl sufficient 
food for fifty young of the Monodontomems, They feed on the 
bee larva, as the Leucospis does, witliout wounding it. This fly 
has the power of recognising wliut is suitable provender for its 
young by the use of the antennae, even when the conditions are 
so changed that it is clear the sense of sight has nothing to do 
with the recognition. Fabre relates that he had extracted a 
number of the bee larvae from their cells of masonry, and that 
as they were lying on his table enclosed in their cocoons, the 
Monodontomerus recognised the latter as containing the desired 
provender for its young by examining them with its antennae; 
after which, without hesitation, the Monodontomerus pierced the 
cocoon with its ovipositor and deposited the eggs in a suitable 
position. This observation, together with tliosc made on Leucospis^ 
seem to indicate that it is neither by sight nor smell that these 
Insects discover tlie desired object, but by some sense we do not 
understand, though its seat is clearly in the antennae of the 
Insect. 

Newport discovered a MonodontomeruSf which he descrilied 
a.s M, nitidus} in the cells of the lice Anthophora retma, and 
demonstrated that the alimentary canal, as is usual in Petiolate 
Hymenoptera, is clostnl lieliind until the Instict is about to enter 
tlie pujml state, when it Ijecoines i>erforated and faecal matters 
are for the fii*st time paased from it. “ These matters were com¬ 
posed of the refuse of digestion and of epithelial cells accumulated 
during the period of feeding, and retained in the digestive sac 
imtil the period of its perforation. In this way the food and 
abode of the Insects are maintained pure and uncontaminated, 
and the digestive apparatus is completed, and the refuse of 
nutrition ejected only when the whole of the food has been 
consumed.” 


* Tr. Linn. Soe. xxi. 1866, p. 67. 
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In the cells of the same bee Newport discovered another 
curious parasitic Chalcid, Anthophorahia retusa} The male has 
short wings, and the compound eye is replaced by an ocellus 
on each side of the head, the female having fully develope<l 
wings and eyes, A variation may occur in the metamorphosis 
of this Insect, inasmuch as when the growth is completed during 
the month of August, the Insect changes to a pupa, the imago 
appears ten or twelve days thereafter, and the perfect Insect then 
hibernates for seven or eight months; but should the completion 
of growth be deferred till after the end of August, hiljernation 
takes place in the larval condition. A large and brilliant Chalcid 
Eucharis viyrmeciae, has been descrilnid by Cameron as preying 
on the formidable Australian ants of the genus Myrmccia, 

The development of tSmicra clarqyes has been jjartially de¬ 
scribed by Ilenneguy.*^ This Insect lives in the interior of the 
a(|uatic larva of Strailomys striyosa, a Dipterous Insect. As 
many as fifty eggs of the parasite are found in one larva, Init a 
large numlH»r of em])rj’os die during development, so that he has 
never found more than two or three well-grovrn larvae in one 
StraHomys ’hirwiu It has l)een ascertained that the eggs of many 
of these parasitic lns(x.*ts are deficient in yolk, and the ovum of 
timicra is said to obtiiin the nutritive materials necessiiry fr»r 
the development of the embryo from the blood of its host by 
endosmosis. For a long time after the assumption of the larval 
condition, the larva app<\ars to nourish itself only at the exjvense 
of the blood of its host. The segmentation of the ovum is total, 
and a single embryonic membrane appears at an early period, 
l)efore the formation of the embryo, by a process very different 
from that giving origin to the amnion of the majority of 
Insects. 

A very interesting sketch of the development of En4^yT(us 
fvscicoHis has IxHin given by Bugnion.® This small parasite 
j>asses its earlier stages in the interior of the larva of Jfypono^ 
meuia cogtiateUa or other I^pidoptera. The female Efwyrhis 
deposits her eggs in the interior of a caterpillar, in the form of 
u series of oQ to 100 or more eggs enclosed in a sac; the origin 

' According to AHlmn^ad, P. erU. Soc. fPashingtonf ii. 1893, \k 228, this genus 
Hhould take the name of ^fe.Httohul. 

» Ann. Nat. Uist. (6) x. 1892, p. 271. 

* Pet. Zool. v. 1891, pp. 435-534. Cf. KouUguiue, Vongr. uiirmat. Zool. 

ii. 1892, pt. i. p. 265. 
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of the sac is obscure, but the embryonic development and the 
early port of the larval life are passed in the sac, which contains 
a supply of nutritive matter. The larvae of the Encyrtw are 
at first entirely confined to this sac, but when they have con¬ 
sumed all the nutritive matter in it, they leave it and pass the 
remainder of their larval and pupal existence in the body-cavity 
of the caterpillar. They live at first on the lymph (blood) of 
the Insect, and apparently do it no harm; nevertheless the 
strength of the caterpillar is so much enfeebled that it fails 
to undergo the transformation to a pupa; the parasites then 
devour its interior, and use the empty skin as a nidus for their 
own pupation ; they form cocoons which divide the area into com¬ 
partments. Usually the individuals disclosed from one Hypono- 
metUa are all of one sex, which may be either male or femala 
Unfortunately the most interesting points of this development, 
viz. the history of the common sac for the larvae, the nature of 
the eggs, the earlier embryonic stages, and the nutriment in the 
sac, are still without elucidation. The account given by Bugnion 
raises a great desire for information on these points. 

We have in a previous page descriljed the remarkable mode 
of oviposition of Mantis, Captain Xainbeu' has made a very 
curious observation to the effect that a minute Chalcid, Podagrion 
{Palmon) pachyvierus, shelters itself under the wings of the 
Mantis so as to be in a position to oviposit in the eggs of the 
latter when it shall be forming its peculiar ootheca^ 

The genus Isosoma consists of Insects that differ in habits 
fiom their congeners, being phytophagous instead of parasitic. 
L tritici and /. hordei live in the stalks of com, and in North 
America, where they are known to the agriculturist as joint- 
worms, are frequently very injurious to cropa They are some¬ 
times obtained in large numbers without any males appearing, and 
a wingless as well as a winged form of the female occura Owing 
to the fact that the allies of these Insects are parasitic, it has 
been frequently maintained that this may also prove to be £he 
case with Isosoma, but the observations of Riley ^ and others leave 
no doubt that the Insects of this genus are really plant- 
feedera 

» Bull Soe, £nt, France (6) vii. 1877, p. Ixix.; also Andr^, Feuille Natural vU. 
1877, p. 138, and Riley and Howard, Jfueet Li/e, iv. 1892, p. 242. 

> InuU Life, i. 1888, p. 121. 
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Kiley has called attention ^ to some facts in connection with 
L tHtici and L grande, that make it clear that these two supposed 
species are really alternate generations, and that both generations 
are probably in larger part, if not entirely, parthenogenetic. 
Some species of the genus Megastigmvs are known to be of 
phytophagous habits,^ 

The most interesting of all the forms of Chalcididae are 
perhaps those called fig-insects. A considerable number of species 
are now known, and amongst them we meet with the unusual 
phenomenon of sj^ecies with wingless males, the females possessing 
the organs of flight normally developed. The wingless males 
exhibit the strangest forms, and bear no resemblance whatever to 
their more legitimately formed partners (Fig. 358, A, B). Many 
of the fig-insects belong to a special group called Agaonidea 
Others belong to the group Torymides, which contains likewise 
many Chalcididae of an ordinary kind; possibly some of these 
may be parasitic on the Agaonidea Some of these Torymid fig- 
insects have winged males, as is normal in the family, but in 
other cases winged and wing¬ 
less forms of the male of one 
species may l)e prest»nt. 

The most notorious of these 
fig-Insects is the one known 
as Blastophaga grossoram (Fig, 

358), this being the chief agent 
in the custom known as capri- 
fication of the cultivated fig- 
tree. This process has been 
practised from time immemorial, 
and is at the pi-esent day still 
carried on in Italy and the 
Grecian archipelago. The Greek 
writers who describe it say that pin, ^s,^Blastopiuiffa ffrtissontni. A, 
the wild fig-tree, though it does 5’,**v**V' 

not ripen its own fruit, is ab¬ 
solutely essential for the perfection of the fruit of the cultivated 
fig. In accordance with this view, branches from the wild fig 

' Report of the Entomologist, Dep» Agriculture, IFashington, 1886, p. 542. 

* Waohti, H’ien» etU, Zeii» xli. 1898, p. 24, anti Howard, JM7.S. Nat, Mus, xiv, 
1892, p. 586. 
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are still gathered at certain seasons and suspended amongst the 
branches of the cultivated fig-trees. The young fig is a very 
remarkable vegetable production, consisting of a hollow, fleshy 
receptacle, in which are placed the extremely numerous and 
minute flowers, the only admission to which is by a small orifice 
at the blunt end of the young fig; this orifice is lined with pro¬ 
jecting scales, that more or less completely fill it up or close it; 
nevertheless inside tliis fruit the Blastopliaga grossorum develops 
in large numbers. The males are, as we have seen, wingless 
creatures, and do not leave the fruit in which they were bred, 
but the females make tlieir way out of the wild fig, and some 
of them, it is l)elieved, enter the young fruit of the cultivated 
trees and lay their eggs, or attempt to do so, therein; and it 
has l)een supposed by various writers that these prexjeedings are 
essential to the satisfactory development of the edible fruit. It 
is a curious fact that the Blastopliaga develops very freely in 
the wild fig—so much so, indeed, as to l)e a means of preventing 
it from coming to maturity; but yet the Insect cannot complete 
its development in the cultivated fruit. This is due to tlie fact 
that the fly must lay its egg in a particular part of the fig- 
ovule, so that when the egg hatches the larva may have a prop(»r 
supply of food. In the cultivated fig the structure of the flower 
differs somewhat from that of the capriticiis, as the wild fig is 
called, and so the egg, if deposited at all, does not reach a proper 
nidus for its development. Hence the Blastopliaga can never live 
exclusively on the cultivated fig, and if it l^e really necessiiry for 
the development of the latter, must be brought thereto by means 
of the caprifig. Whether the Blastopliaga lie really of use, as has 
been for so long supposed, is, however, a matter for doubt. The 
reasons for this are (1) that those who think caprification bene¬ 
ficial do not agree as to the mode in which they suppose it to he 
so; (2) that there is but little reason for l)elieving that when 
introduced amongst the cultivated figs the Blastopliaga occupies 
itself to any great extent therewith; and (3) that in some parts 
of the world caprification is not i)erformed, but the cultivated fig 
nevertheless ripens its fruit there. Hence many writers on the 
subject—Solnis-Laubach,^ Mayer,* and Saunders entertain con¬ 
siderable doubt as to whether caprification is at present anything 

^ Abh^ Oes, ObtUngeUf xxviii. 1882. * Milt, Slat. Neapel, iii. 1882, p. 55. 

* Tr, ent, Soc, London, 1883. p. 389. 
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more than an old custom destitute of practical utility. On the 
other hand, liiley states' " that the perfect Smyrna fig, the most 
esteemed of the edible species, can produced only by the 
intervention of the Blasto'pliafja j)sene$ \<jrossorumY' 

Althougli the questions connected with the effect the Blasto- 
phaga is supposed to produce on the fruit are of a botanical 
rather tlian a entomological nature, we may briefly say that two 
views have been held: (1) tluit, as in the fruit of the cultivated 
fig, only female flowei*8 are produced, the Blastophaga is necessary 
for their fertilisjition and the subsequent development of the 
fruit ; (2) that the Insects stimulate the fig by biting parts 
thereof or l>y l>urrowing in it, and so give rise to the processtjs 
that have as their result the e<Hble fruit. Tliere seems to ])e 
little doubt that the Insect agency is necessiiry to the fertilisa¬ 
tion of some specii's of figs, (hmningham, who has recently 
carried out an elaborate investigation as to the fertilisation 
of Ficus roxhurghii'^ concludes that in this fig, and probably 
also in otlier kinds, the i)erfect development is dependent on 
the access of tlic tig-Inst'(*ts to the interior of the receptacular 
ciuity. Shoidd access fail to occur, both male and female 
flowers abort, without the formation of pollen grains by the 
former or seeds by the latter. Tlie access of the Blastophaga is 
thus as necessiiry for the perfect evolution of the normal male 
and female flowers as it is for that of the modified ? or gall- 
flowers, with their contained ova and Insect-embryos. Whether 
the successful fertilisjition of the flowers is really essential to the 
production of the edilile fig is not a question for our discussion. 

Fig-Iusects are apj»arently more numerous in South America 
than they are in any other part of the world; and Fritz-Miiller 
has discovered * a numl)er of sj>ecies there of a very extraordinary 
character, several of them possessing two forms of the male, one 
winged like the female, the other wingless and so different in 
character that they were considered to belong to a different genus. 
The wingless male of a s^iecies found in Madagiiscar, Kradihia 
coivani, has the peculiarity of possessing only four legs, the middle 
pair being repi'esented merely by minute two-jointed rudiments. 
Some of these Insects live in galls on the figs. The fig-insects 


^ hiol, Soe, Washington^ vii. 1892, p. 99. 

* Ann, Jiotan, OardeUy Calcutta^ i. 1889, AppiMidix L. 
* P, ent, Soc. London^ 1886, p. x. 
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Fio. 359 .—Thoracantha lairtilleu 
Bahia. A, Upper, B, lateral 
aspect. (After Waterhouse.) 


were formerly considered to belong to the Proctotrypidae or to 
the Cynipidae (gall-makers), but there can be no doubt, not¬ 
withstanding they differ so much in their habits from the para¬ 
sitic Chalcididae, that they probably belong to the same family. 
If treated as different from Chalcididae, they should be separated 
as a distinct family rather than united with the Cynipidae,^ 

It is impossible for us to do more than allude to the extra¬ 
ordinary shapes exhibited by some 
Chalcididae. The genus Thoracantha 
is specially remarkable in this respect. 
T. latreillei is said to resemble a teetle 
of the family Mordellidae, and has the 
wings concealed by false wing-cases— 
really projections from the thorax—so 
that from above the Insect bears no 
resemblance to the other Insects of the 
Order it really belongs to. 

Howard has called attention to some peculiarities in the 
pupation of Chalcididae.“ Like the Cynipidae, they do not make 
a silken cocoon, but some of them that change to pupae inside 
the victims on which they were nourished have the power of 
forming oval cells in which to undergo their transformation, 
and they thus cause a peculiar inflation of the skin of their de¬ 
ceased victim, which after death still continues to serve as a 
protection to the de8troyer.s. The statement made by Haliday, 
and repeated subsequently in various works, to the effect that 
Coryna spins a cocoon under the Aphis in which it has lived, is 
an error, the cocoon being really formed by Praon, a Braconid 
that is a parasite of the Aphis, and on which the Chalcid Pachy^ 
crepis {Coryna) lives as a hyperparasite. The pupae of some 
species differ from those of other Hymenoptera, in that the 
integument is hard, and the limbs are soldered to the body as in 
Lepidoptera. These forms pupate external to the victim. 

Fritz Miiller has recorded that the pupa of an unnamed si)eeies 
of Chalcid that attacks a Brazilian ant {Azteca instabilis Forel) 
is suspended on the wall of the cell the ant lives in by its 
posterior extremity, just like the chrysalis of a butterfly. 


^ For a systematic memoir refer to Mayr, Ferh, zooL-hot, Oea, PFien, xxxv. 1885, 
p. 147, etc. 

* Insea Life, iv. 1891, p. 193. 
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Notwithstanding the small size of Chalcididae, their remains 
have been detected in the tertiary strata of both Europe and 
North America. 

Fam. IV. Ichnenmonidae (Ichneumon-flies). 

Wings with a well-developed series of nervures and cells; the 
space on the front wing separating the second posterior cell 
from the evhiUd cells is divided into two cells Iry a transverse 
veirdet. The abdomen is attojched to the lower or posterior 
part of the median segment Larvae parasitic in habits. 

The Ichneunionidae form a family of enormous extent, con¬ 
taining nearly 6000 described species. The study of the family 
is but little advanced, owing to their parasitic habits and to 
this bewildering multiplicity in their 
specific forma Most of the species, in the 
larval state, live inside the larvae of Lepi- 
doptera, and they thus keep the myriads 
of caterpillars within Iwuiids, the number 
of these destroyed by Iclineumons being 
prodigioua Some of the family are, 
however, external parasites, and some are 
known to attack Spiders and Insects of 
other Orders than I^epidoptera. Their 
antennae are not elbowed and are many- 
jointed, tlic joints heing closely compacted, 
especially U)wanl8 the extremity. This 
character reiidily distinguishes Iclmeu- 
monidae from the families w^e have 
previously considered. The ocelli are 
well developed even in the apterous forms, 
and are placed in a triangular position on the vertex^ The pro- 
notum is small in front; and extends backwards at the sides to 
the points of insertion of the front wings; it is fixed to the 
mesonotum. The wings (Fig. 367, A) have a more complex 
neuration than those of most of the other parasitic Hymenoptera, 
but are occasionally absent in one or both sexes of a species. The 
metathorax is very small, and the middle and hind legs are 
placed close together. The propodeum is very large, and is 



Flu. 360 .—Lissonoia seloaa^ 9. 
Britain. Parasite of the 
goat - moth, etc. (After 
Batseburg.) 
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frequently covered with a highly-develoj^ed sculpture. The hind 
body springs from the lower part of the propodeum; it is usually 
of slender form, and its segmentation is very conspicuous. The 
females bear an ovipositor, which differs greatly in length accord¬ 
ing to the species, and is known in the case of one species to 
attain a length six times that of the whole of the rest of the 
body.^ The egg is deposited by some species on the skin, by 
others within the body of the victim ; it varies much in form and 
colour, some eggs being stalked and of j)eculiar shaj)e. The 
larvae issuing from the eggs are legless maggots with a delicate 
integument of pallid white or creamy colour. If the eggs are laid 



on tlie surfiice of the body, the result¬ 
ing larvae (except in the cases of the 
external parasites) soon bore into the 
interior of their victim, and disiippear 
therein. The changes that Uikc place 
in the lifetime of the larvae have 
l>een studied in only a few cases; hut 
if we can judge from Ihitzehurg's 
history* of the changes that take 
])lac(5 in Atwmnlon, tliey are of great 
interest. From observation (>f the 
differences existing amongst a great 
number of larvae of jL circumjle.rum 
he distinguished four stages. It is of 
course impossible to follow directly 
the growth of one individual, be- 
ciiuse it is concealed in the interior 
of the caterpillar in which it lives, 
and to ojK^n this involves the death 
of l>oth caterpillar and Ichneumon- 


[o. Arummion circum- life history 111 ust therefore 

JUxum.^ larval tlevelopiiient. •' 

(After Ratzeirtirg.) A, First 1)6 Constructed from a great numlier of 

separate oliservationa; and it is hot 
stage extracted from its cyst ; ascertained that the four instars de- 


D, the mature iarv.;E, pup.. Itatzeburg represent the 


number of moults of the larva that ac*.tually take place. He, 


however, entertained no doubt that all the forms he observed 


^ Toequinet, Ann. Soe. ent* Belgique, xxxviii. 1894, p. 694. 
* Jchneum, Foret. Ins, 1844, p. 81. 
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were stages in the development of one species. In the earliest 
stage, when only one millimetre in length and about as thick 
as a horse-hair, the larva is free in the interior of the cater¬ 
pillar’s body, and has a small head armed only with a pair of 
mandibles. There are, in addition to the head, thirteen segments, 
and the last of these is an elongate tail forming nearly one- 
half the length of the creature. No trace of tracheae can l)e 
discovered. In the second stage the larva is still free, an elon¬ 
gate tracheal tube exists, the tail has diminished to half the 
length, the head has become much larger, and rudimentary 
antennae of one joint are visible; possibly stigmata are present 
at this stage, though tliey cannot afterwards ])e detected. In 
the third stage (Fig. 3G1, C) the larva is encysted, the head is 
large, the parts of the mouth aie all develoi)ed, the tracheal 
system is extensive, and the C4iudal termination of the body is quite 
short; notwithstanding the extensive development of the tracheal 
system, no stigmata can lie found. In the fourth stage tlie 
larva is still encyst(*d, the tail has disapiK.^ared, the head and 
mouth parts are reduced in size and development, and the creature 
has now the apj)earance of a normal larva. The changes to pupa 
and p(irfect Insect take place within the l)ody of the victim, in 
some cases, if not usually, after it has undergone its metamor- 
jihosis into a chrysiilis. Very little information is extant as to 
the duration of the various sUiges, but it appears to be the rule 
that only one generation ap}>ears annually, though in some cases 
thei-e are pretty certainly two. 

It is very difficult to <»bserve the act of oviposition; the 
Ichneumon-flies usually decdine to notice caterpillars with wliich 
they are placed in continement. Katzeburg thinks they will only 
attack caterpillars that are in a deficient state of health or vitality. 
Occasionally we may by a happy chance observe the act in 
Insects at large, and from the records of observers it may he 
detluced with tolerable certiiinty that the sense of sight t4ike8 no 
jiart in the ojwration. Ritzeburg relates that he Siiw a Pimpla 
alight on a leaf of Rhm and thrust its ovijKisitor through the 
leaf. On looking to the under-side of the leaf he found that a 
cocoon of BomJnfx imistria was concealed there in such a position 
that it could not have been seen by the Ichneumon. 

Among the most remarkable of the Ichneumon-flies are the 
Insects of the genera Rhyssa and Thalessa. Thestj fine Insects 
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have an ovipositor three or four inches in length, and are parasitic 
on species of the family Siricidae, which, as we have previously 
described, live in solid wood. In order therefore to deposit 
the egg in a suitable place, the wood must be pierced by the 
Ichneumon. The ovipositor is not only of extreme length, but is 
also furnished with serrations on its apical part, so that it forms a 
very efifective boring apparatus. It is brought into use by being 
l)ent on itself over the back of the Insect (Fig. 362), so as to bring 
the tip vertically down on to the wood, through which it is then 
forced by a series of efforts; the sheaths do not enter the wood. 
The egg is laid anywhere in the burrow of the Sirex ; the young 
larva seeks its prey, and lives on it as an external parasite (Fig. 
342,D). Erne, however, states^ that the young larva of JRhyssa 
persucisaria enters its victim, and remains within the latter till its 

death occurs. This happens 
when the young JRhyssa is 
two or three lines in length, 
and it then makes its exit from 
the interior of the body and 
gradually eats it up. Should 
the larva it has attacked be of 
large size, it of itself affords 
Kufficient food for the comple¬ 
tion of the growth of the 
Rhyssa. Should the Rhyssa, 
however, have attacked a small 
larva, this does not furnish it 
with sufficient food, and it con¬ 
sequently dies without seeking 
another larva. Erne says, 
indeed, that it will not eat 
another if offered to it, so that 
in order to rear the Rhyssa in captivity, the victim it has first 
attacked must always be given to it. The same observer states 
that the Rhyssa larva is sometimes transported by the Sireas 
deep into the wood, so that when it has completed its metamor- 
phoses the Ichneumon-fly may find itself buried in solid wood to 
a depth of about two inches. In that case it excavates the wood 
with its mandibles, and should it fail to gain the exterior after 
' MiU, eiU, Ots. iv. 1876, p. 518. 
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three days of work, it dies. In the case of Thaltsm it is stated 
that it sometimes bores into wood where there are no larvae, but 
Eiley thinks this erroneous; it is, on the other hand, certain 
that the Insect after penetrating the wood is frequently unable 
to withdraw the ovipositor, and consequently dies. 

Packard has reeorded^^ without mentioning the species, the 
oviposition of an Ichneumon of which the egg is deposited 
externally. It was placed on the head of the caterpillar, and 
speedily hatched; the young larva at once bored through the 
prothoracic segment of the victim, the head of the latter then 
became swollen, and covered the opening into tlie prothorax, made 
by the pirasite. 

Tlie history of an Ichneumon larva that feeds as an external 
parasite has been sketched by I)e Geer and Newport. The 
observations of the latter^ refer to Paniscus virgatus; he 
found small, shining, black bodies attached to the skin of the 
larva of a moth, Mamestra pisi; these were the eggs of the 
Ichneumon. They are furnished with a short i)eduncle, which 
is implanted in the skin of the victim; tlie egg, according to De 
Geer, lieing retained more firmly l>y the iieduncle subsequently 
swelling, so as to f(»rm two knobs. The hatching takes 
place by the cgg-sludl splitting longitudinally, while from the 
split protrudes the little head of the destroying larva. This 
becomes fixed to the caterpillar, from which the nutriment is 
to be drawn; the Paniscm larva does not, however, leiive the 
egg-shell, but, on the contrary, 
becomes adherent to it, so that 
the parasite is in this manner 
fixed by the two ends to its 
victim. In fifteen days the 
jiarasite was full-grown, and had 
become half an inch in length. 

At first no tracheae were 
to lie seen, but these were 
detected after the second day. Moulting look place thitie 
times, and in a peculiar manner, very different from that 
described by Ratzeburg as occurring in the internal parasites 
(which, he states, change their very delicate skin by detaching it 
in almost imperceptible fragments). In the external ^mrasite the 
' Fifth /Up, Snt, Comnu 1890, p. 16. * Tr, Linn. Soc, xxl 1852, p. 71. 



Fig. t363.—Young larvA of Paufscus in 
position of feetiiug on the shin of Mam- 
estrtu (After Newport.) ITie egg¬ 
shell. 
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skill remiiiiis entire, and is shuffled down to the extremity of the 
body, but cannot be completely detached owing to the anchoring 
of the posterior part of the body to the caterpillar; the cast 
skins thus remain as envelopes to the posterior part of the body. 
Newport states that if the mouth of the parasite be detached, it 
usually cannot again seize hold of the victim, and consequently 
perishes. It is a curious fact tliat more eggs than one caterpillar 
can support are habitually placed on it, and some of the resulting 
larvae of necessity perish during the j)eriod of growth, roulton, 
who has recently made some additional observations on the 
development of Paniscus} sfiys tliat if three larvae are close 
together, it is the middle one that ^lerishes, and suggests 
that this is due to some simple pliysicjil condition. From 
Newport’s account it may be gathered that the Mamestra 
retains sufficient vitality to form its cocoon, and that the 
Paniscus larvae likewise construct their own cocoons within 
that of the Mamestra, In the case of Panmus cephalotes 
feeding on Dicrantira vinula, Poulton relates that the latt<3r di(?d 
after the twelfth day of attack. The parasites, having relaxed 
their hold on the victim just previous to this event, then thrust 
their heads into the dead body, and devoured the larva, leaving 
only a dried and einjity integument. These larvae span a looser 
sort of web in which to undergo their metamorphosis. In a 
natural state, how'ever, they form cocoons inside the c(x»oon of 
the Dicranura. The period passed in the pupal condition was 
about four weeks. This parasite only atUicks the Ixjpidopterous 
larva during the last stiige of its existence as a larva, but the 
eggs may be laid on the victim in an earlier stage; and in such 
case De Geer has stated, and Poidton has confirmed the observa¬ 
tion, that though the larva sheds its skin it does not get rid of 
the eggs. 

The little Ichneumons of the genus Pezomachus are quite 
destitute of wings and somewhat resemble ants; they are 
common Insects in Britain. Only the female sex is known,‘and 
it is believed that the winged Ichneumons assigned to the genus 
Hemiteles —of which no females are known—are the males of 
Pezomachus, Eepe^ted efforts have been made to place this 
beyond doubt, but they have usually failed, for when a brood of 
these parasites is reared, the individuals generally prove to be 
* Tr, tni, Soc, Londwi, 1886, p. 162, and 1887, p. 803. 
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either all Hemiteles or all Pezomachus, It is to be hoped that 
this interesting case will l)e fully elucidated. 

Although the Ichneumonidae are perhaps the most purely 
carnivorous of all the great families of Hymenoptera, there is 
nevertheless reason for supposing that some of them can be 
nourished with vegetable substances during a part at any rate of 
the larval existence, Giraud and Cameron' having recorded observa¬ 
tions that lead to the conclusion that some species of the genus 
Pimpla may inhabit galls and live on the substance, or juices 
thereof. 


Over 1200 species of Ichneumonidae are known to inhalut 
Britain, and there can be no doubt that this number will be 
increased as a result of further observation. Unfortunately no 
general work has yet been published on this department of our 
fauna, and the literature is very scattered.^ The species of 
North America have not received so much investigation as those 
of Europe, and tlie Ichneumon fauna of the tropics remains almost 
uninvestigated. Six sul^-faniilies are recognised: Agriotypides, 
Ichneumonides, Cryptides, Tryphonides, Pimplides, Ophionides. 
Of these the first is the most remarkable, as it consists of an 
Insect having aquatic habits. It 
has for long been known that the 
unique siHicies Ayriotypus armatus, a 
rare Insect in our islands, is in the 
habit of going under water and re¬ 
maining there for a considerable 
jK^riod, and it has now l>een siitis- 
factorily ascertained that it doi»s this 
for the purpost*. of laying its eggs in 
the larvae of Triclioptera.^ The re¬ 
sultant larva lives inside the cases 



of sj)ecie8 of Silo, (Jocra, etc. It 
undergoes a sort of hypernietamor- 


Fig. S64. — Affrioiffpv^ armatus, 
female. Britain. (After Cnrtniu) 


phosis, as its 8haj)e before assuming the pupil condition 


^ Ent, Month, May. xiii. 1877, p. 200. 

’ A catalogue, with references, of the British Ichneumonidae w^as published by 
the Kntomological Society of London in 1872. Since then many additional 
have been detected and recorded, by Mr. Bridgman and others, in the Transactions 
of the same Society. 

’ Klaj[)dlek, Ent-. Month. Mag. xxv. 1889, p. 839, and ArcE. Landrsdurch/orsehung 
vUL No. 6, 1898, p. 63. 
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is very different to what it was previously. It changes to 
a pupa inside the case of the Trichopteron in a cocoon attached 
to the walls of the case. Previous to making this, however, the 
Agriotypus forms a curious, elongate, string-like process attached 
to the anterior extremity of its cocoon. The use of this is 
unknown. Full information as to the life-history of this aquatic 
Hymenopterous larva, especially as to its respiratory functions, 



Fia. 865.—Metaroorphoflis of A griotypus. (After Klapalek.) A, Larva ; B, sub-nymph ; 
G, case of the SUo with the string of attachment formed by Agriotyptta ; D, section 
of the case : r', operculum of case ; cocoon ; ag^ pupa of Agrioiypus; e, exuvia 
of Agriotypus ; wall of cocoon ; /r, jemains of Silo ; closure of case. 

would be of great interest. The affinities of this remarkable 
Insect are still doubtful. It may probably prove to be between 
Proctotrypidae and Ichneumonidae. 

Bemains of Insects that may be referred with more or less 
certainty to Ichneumonidae have been found in some abundance 
in various tertiary strata both in Fluroj^e and North America, but 
nothing indicative of the existence of the family has yet been 
found in the older rocks. 

Fam. V. Braconidae—Supplementary Ichneumon^-flies. 

Antennae with many {nearly always more than fifteen) joints, not 
geniculate. Wings with a moderate number of cells, which 
on the anal part of the front wing are more or less imper* 
feet, the anal (Le. the second posterior) cdl being separated 
from the cubital cells by a large space in which there is no 
cross^nervure. Abdomen with but little mobility between the 
segments; the suture between the second and third usually 
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absent, or obsolete. Larvae living parasitically in—possibly 
exceptionally outside—the bodies of larvae or pupae of Insects, 



PlO. 366. — Broom palpOyrtUor^ 
female. Europe. (After Ratze* 
burg.) 




Fiq. 367.—Diagram of wing of Ichnen- 
monid (A) and of Braconid (B). 1, 2, 

3, 4, series of cells extending across 
the wing ; a, b, divided cell of the 
Ichneumouid wing, corresponding with 
a, the undivided cell of the Braconid 
wing. 


The Braconidae are the Ichnenmones, or Ichneumonides, 
adsciti of the older Hymenopterista They are extremely similar 
to the Ichneumonidae, but the hind body has a much less degree 
of mobility of its segments, and there are some constant distinc¬ 
tions in the wings. Although there is a great deal of difference 
in the various forms of each of the two families, yet there are 
two points of distinction easily appreciated; the series of cells 
running across the wing (Fig. 36Y) being only three in the 
Ichneumonides (Fig. 36Y, A), but four in the Braconids (Fig. 367, 
6); besides this the space a of the Braconid wing is divided 
into two (a, h) in the Ichneumonid wing. A glance at these 
characters enables us at once to separate correctly the thousands 
of species of the two families. 

The habits of the Braconidae are similar to those of Ichneu¬ 
monidae, it being believed that all are parasites. Usually they 
attack larvae, but they are bred in great numbers from pupae, 
and even from imagos of other Insects. Blaamosoma is one 
of the few parasites known to attack ants. As many as 1200 
specimens of Mierogatter have been reared from a single Lepi- 
dopterous larva. Although such parasitism raises a feeling of 
repulsion, yet there is reason for supposing that there may be 
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little or no cruelty or acute suffering connected with this mode of 
life. The victim attacked is not eaten, the parasites in the in¬ 
terior taking in the lymph of the caterpillar either by the mouth 
or by endosmosis, but not biting their host. The latter displays 
no sign of sickness, but eats voraciously, so that it serves merely 
as a sort of intermediary between the juices of the plant and the 
larvae inside itself. It is only when the metamorphosis is at 
hand that the host sickens, but this does not always happen: 
parasitised larvae frequently change to pupae, and they may 
occasionally even become perfect Insects. Cases are known in 
which imagos have appeared with some of the small parasites 
embedded in some of the outer parts of their bodies. These 
cases are, however, very rare; in the enormous majority of 
instances the host is destroyed either when it is in the larval 
stage or before the pupa has advanced to any great extent on 
its metamorphosis to an imago. Particulars as to various species 
will be found in the valuable work of Eatzeburg we have already 
referred to.^ Eeference may also be made to Goureau’s account 
of Microgaster glohatus^ this latter including some suggestions 
by Dr, Boisduval on some of the difficult physiological questions 
involved in the lives of these parasites. 

The metamorphosis of Microgaster fulvipes has been studied 
by Eatzeburg, and an epitome of his observations is given by 
^ Marshall.* The larva goes through a series 
of cluinges somewhat similar to those we 
have already sketched in Anomalon cir- 
r cumjlexum. Usually these Insects after 

emerging from the body of their host spin 
f a mass of cocoons more or leas loosely 

^ connected together. A most curious case 

has, however, been recorded by Marshall* 
of a stalked cocoon (Fig. 368) being 
Pio. 368.—stalked cocoon formed as an exceptional act by Apantelea 

Mr. Marshall has recently re¬ 
ceived other specimens of this cocoon as 
well as the Insects reared therefrom in France, and inclines to 
the opinion that the stalked cocoon may be the usual form, and 
is sometimes departed from by the Insect for unknown reasons. 

* Ickneum, Forst. Ins, 1844. * Ann. Soc. eni. France (2), iii, 1846, p. 855. 

• Tr» ent, Soc. London, 1886, pp. 224, 219. 
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This family is of enormous extent; we have several hundred 
species of it in Britain/ and there are no doubt many thou¬ 
sands of undescribed exotic forms. To Ajpantdes glomeratvs we 
are indebted for keeping our cabbages and kindred vegetables 
from destruction by the caterpillars of the white l)utterflies. 
The larvae of the various species of Pieris, as well as those of 
other Lepidoptera, are attacked by this little Insect, tlie nuisses of 
whose cocoons may frequently be found in numbers in and near 
cabbage gardens. The tropi¬ 
cal species of Braconidae are 
greatly neglected, but many 
large and remarkable forms 
—some of brilliant colours 
—have been brought from 
there, so that we are justified 
in believing that Insects of 
this family will prove to be 
very numerous. There are 
but few apterous Braconidae. 

Both sexes of ChastHothni 
apterns are destitute of wings; 
the females of one species of 
Hpathius, and also those of 
Pamholus nm\ Ohasmodon are 
apterous; in a small number 
of species of various genera 
the wings are so minute as 
to be incapable <if serving as 
organs of flight. In the 
genus Alloea the wings of 
the male are shorter than 
those of the female. 

Fid. 369 .—Sfewijihojtmus ntficeps^ female. 

Fam. VI. Stephanidae. Aru Islands. (After Westwood.) 

Antennae composed of many {thirty to seventy) joints ; hind body 
attached to the lower and posterior part of the media n dorml 

' A monograph of the British Braconidae was commenced by the Rev. T. A. 
Marshall in 1885, and is still in progress, in the Transactions of the Entonioloyical 
Society of London ; cf. op, ciL 1885, 1887, 1889, 1891, 1894. 
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plute. Wings with a distinct costal cdlvlc/ head glohosCp 
posterior femora frequently toothed. 

This is a doubtful family, consisting of a few anomalous 
Insecta Schletterer assigns to it only two genera, Stephanus and 
Stenophasmus;^ both have a wide distribution over the world, 
though we have no species in Britain. Nothing is known of 
their habits, and they are apparently all very scarce Insecta 
The definition is compiled from those of Cameron and Schlet¬ 
terer. There seems very little to distinguish these Insects from 
Braconidae. 


Fam. VII. Megalyridae. 

Hymenoptera with short Jyroad hind body, which is not separated 
hy a pedicel from the thorax. The female has a very long 
bristledike ovipositor. Antennae vnth fourteen joints. 

This family is constituted by the Australian genus Megnlyra^ 
one of the most interesting of the numerous extraordinary Insect- 
forms found in that region; the species appear to be very rare 
and not numeroua Apparently nothing is known as to their 
habits. It is quite possible that these Insects will prove to be 
anomalous Braconid^. 

Fam. Vm. Evaniidae. 

Petiole of the abdomen attached to the upper part of the median 
dorsal plate; antennae not elbowed, of thirteen or fourteen 
joints. Wings with a moderate number of nervures. Larva 
of parasitic habits. , 

This family is composed of only three genera— JEvania, 
Gasteruption, and Avlcwus, each possessing a considerable number 
of species; they agree in the characters mentioned above, and 
may be readily recognised by the peculiar insertion df the 
hind body. This character occurs outside the limits of the 
Evaniidae only in one or two genera of Chalcididae and 
Braconidae; it is to this latter family that the Evaniidae must 
be considered most closely allied. 

The species of the genus Evania are believed to live at 
^ Baiin entom. Zeitsehr. xxxiii. 1889, p. 197. * Ibid. 
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the expense of cockroaches (Blattidae), and to deposit their 
eggs in the egg-capsules of those Insects. The species of 
Gasteruption live, in the larval state, on the larvae of other 
Hymenoptera, more especially of such as form nests in wood. 
Very little is known as to the habits of the species of Animus, 
but it is believed that they are parasitic on members of the 
Hymenopterous families, Siricidae and Oryssidae. Only the 
most meagre details as to the life history of any of the Evaniidae 
have been recorded. The species of IHvania are met with mast 
freely where cockroaches abound, and are said, hence, to be 
frecjuently ol)8erved on board ship. Two or tliree species of 
each of the two genera Uvania jind Gastenqjtion occur in 
Britain. The latter genus is 
more widely known under the 
name of Foeyius} 

Fam. IX. Pelecinidae. 

Sexes very different; the female 
withont exserted ovipositor, 
hut nnth extremely long 
a hdom en, A rtixn la tio n 

between the femnr and 
troehanter oblique and 
elongate, hut without divi¬ 
sion of the trochanter. 



This family at present com¬ 
prises, according to Schlet- 
terer,^ only the three genera 
Pelecinus, Ophionellus, and 
Mommachvbs, The systematic 
position of the Insects is very 
doubtful, and their habits are 
but little known. Pelecmvs 
polytnrator (Fig. 370) appears, 
however, in the female sex, 

to be a common Insect over a large jmrt of tlie warmer regions 


Fig. 370.— Pdecinn^polytnrator, 9. 
Mexii,>o. 


^ Monograph, Schletterer, Verh, zooL-hot, -Ges, Wien, xxxv. 1885, p. 267, etc. ; 
xxxvi. 1886, p i, etc. ; and Ann, Ilofmus, Wien, iv, pp. 107, etc. 

* Berlin, entom, Zeiiachr, xxxiii. 1889, p. 197. 
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of the New World; it is in all probability parasitic in its habits, 
the elongate ovipositor of the female Ichneumon being in this 
Insect replaced by an extraordinary linear extension of the abdo¬ 
men itself. Doubleday has recorded that he saw twenty or 
thirty specimens of this species that had perished with their 
elongated hind bodies inserted into the stem of a tree, from 
which they could not extricate themselves. On the other hand, 
Patton thinks they are parasitic on locusts.' 

The male in Pehei7ius has the proportions of the parts of 
the body normal, there being no elongation of the abdomen; it 
thus differs very much in appearance from the female. Tliere 
seems to be very little to distinguish Pelerinns from Procto- 
trypidae. The undivided trochanters have led to these Insects 
being placed, by some, among the Aculeate Ilymenoptera. This 
character, as we have already shown, occurs also in l^rocto- 
trypidae. 


Fam. X. Trigonalidae. 


Abdomen ovate, not separated by a from the thoroir. 

Antennae twenty-five-jointed. Trochanters imperfectly tvu)- 

jointed. Both the anterior and jmsterior wings provided with 
a tvell-developed nenratio7i, yibdornen composed of only Jive 
apjmrent segments. Larva (in some cases)2m7*asitic on Aculeate 
Hymenoptera, 


This family is chiefly constituted by the very rare Insects 
contained in the genus Trigoncdys, of whicli we have one species 

in Britain. Although, so far as appear¬ 
ance goes, they have little in common 
with the parasitic Hymenoptera, and 
look quite like members of the Acu- 
leata, yet the late F. Smith found a 
8i)ecie^ in the cells of PoUstes lanio, 
thereby showing it to be of para¬ 
sitic habits. Although some Aculeate 
Hymenoptera are also of parasitic 
habits, yet the characters of Trigonalys 
perhaps agree, on the whole, better 
with the Hymenoptera parasitica. The British species is very 

^ Amer. Nat. xxviii. 1894, p. 895. See aUo'Forbea, Jiep, fm, lUinoiSy xix. 1896, p. 79. 



Fig. 871 .—THgonnlya mac'kdi- 
frons Cani. i,l. Mexico. 
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rare. The Soutli American genus, Nomadinay looks still more like 
a bee, and the trochanters are even more imperfectly divided 
than they are in some of the Aculeate group, Nyssonides, the 
outer portion being merely a small piece imperfectly separated 
from the liase of the femur. 

Note ,—The citation of Saint Augustine on p. 85 is made in the wortls 
used by Wasinann in Der Trichterwicklery cine iiaturwissenschaftliche Studie 
iiber den Thierinstinkty 1884. 

The authenticity of the passage we have adopted as the motto for this 
volume is somewhat doubtful. It is explained in an “ admoiiitio ad lectorem ” 
of the soliloquy, that this work is probably a compilation by a later writer, 
from two, or more, wt)rks of Saint Augustine. Father Wasmann has been so 
kind as to inform the writer that the idea of the passage quoted occurs 
frequently in the undoubted works of the Saint, as, for instance, de Civitate 
Dei, lib. xi. cap. 22 ; Serm. ccxiii. in traditione symboli II. cap. i. ; contra 
Faustuin, lib. xxi. cap. v. etc. The passage quoted is, however, the only one 
in which “ angeli ” and “ vermiculi are associated. 
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Abdomen, 109 ; of Hymenoptera, 492 f. 

Abdominal appendages, 188, 189, 190 

AcantherpesteSi 74 , 80 

Accessory glands, 892 , 404 

Acheia, 830 , 338 

Achirrutes rnwrorum^ 194 

Acini, 126 

Acoustic orifice, 317 

Acridiidae, mU 279-310, 800 

Acridiides, 310 

Acriditim perisgrinum^ 298 ; growth, 166 ; 

at sea, 297—see also SchUtocerca 
Acrophyllides, ^8 
Aculeata, 520 

Aculeates and Proctotrypids, 535, 564 
Adler, on alternation of generations, 530; 

on galls, 526 f. ; on useless males, 498 
Aeschmi cyanea^ 412 ; A.graivdis^ labium, 
411 ; nymph, 420 , 421 
Aeschninae, 416, JhSO 
Agaonides, 5^7 
Ayaikenwroy 274, 276 
Agrion nymph, 426 
Agrvon pulckdlum^ 412 
Agriouiuae, 412, 426 
Agriotypides, 557 
Agriotypus armatus^ 007 
Air sacs, 128, 282, 288, 294 , 495 
Alaptua excisua, 087 ; A/fuacultta, 538 
Alar organs, of earwigs, 206 ; of Blattidae, 
225 ; of Mantidae, 245 ; of Phasroidae, 
269 ; of Acridiidae, 281 ; development 
of, in earwigs, 212 ; in Mantidae, 248 
—see also Tegniina, Wings, Elytra 
Alary muscles, 134 
Albarda on Raphidlides, 448 
Alder files, 444 
AleurcpteryXf Jj^l 

Alimentary canal, 128-127, 403, 446; of 
may-files, 438 f.; of Panorpa^ 450; 
closed, 457, 466, 496, 544 


Alitrunk, 489 f., 490, 492 
AUoea^ 561 

Alternation of generations, 497, 530 
Amber, MyriaiKKis in, 74, 76, 77 ; Insects, 
179 ; Aptera, 196 ; Blattidae, 239; 
Mantidae, 258 ; Phasmidae, 276 ; Pso- 
cidae, 397 ; Perlidae, 407 ; Phryganeidae, 
485 ; Tenthredinidae, 518; Cynipidae, 
533 

Ambua, 40 
Attieles, 245 
Ameta^la, 158, 174 
Amnion, 148, 545 
Amnios, 291 

Amorphoscelides, 251, 259 
Amorphoscelia anntUicortiiay 251 
Amphibiotica, 342 
Ainphientoimnn paradoxurn^ 397 
Avipulext abdomen, 492 
Ampulla, 290 
Amylisj^, 76, 80 

Anabolia/urratci, mouth-parts 470; A, 
nervosa, larva, 476 
A naibrus purpurascetis, 321 
AnaplecUi azteca, folded wing, 227 
Auaplectinae, 24 O 

Anatomy — see External Structure and 
Internal Anatomy 
Anax/ormoaua, 410, 414 
Anderson, Dr. J., on Gongylua, 254 
Anachura acabriuscula, 208 
Ania(dabia vsaritiina, 200 ; A, moesta, 200; 

A. taamanica, 216 
Aniaomorphapanlalina, 274 
Anisomorpbides, 278 

Auisopterides, 412, 4^4> 426; nymphs^ 
421 

Anomalon, metamorphosis, 002 
Anofnaicpteryx, 484 
An4>8toatoma auatralaaiae, 826 
Anoura, 190 
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Ant, brain, 119 ; nervous system, 496 ; 
castes, 500 

Ant destroyer, 545, 559 
Ante-clypeus, 93 
Antennae, 97 ; growth of, 212 
Anthophora retusay parasites of, 544, 545 
A nthophorahia retusay 545 
Ant-lions, 453, 454 
Anurida maritimay 194, 196 
Aorta, 133, 134 
Apanieles gl&meraiuSy 561 
ApatunWy 481; A. arcticay A» muliebrisy 
481 

Apex, 112 

AphilothriXy 531 

Apocrita, 519 

Apodenie, 103 

Apophysis, 103 , 520 

Appendages, 91, 188, 189, 190 

Aptera, 172, 

Apterous Insects, 205, 216 , 217 , 220 , 234, 
236 , 252, 261 , 262 , 264 , 269, 272, 274 , 
277, 299, 302, 303, 307, 321, 822 , 323 , 
324, 325, 326, 329, 518, 556, 561—see 
also Wingless Insects 
Apterygogenca, 175, 196 
Aquatic Acridiidae, 301, 303; Aq. Hymen- 
optera, 538, 557 ; Aq. Phastnids, 272 
Araclinides anteunistes, 77 
Archidesmidae, 76 
Archidesmusy 76 
Archijulidae, 76 
Archipolypoda, 74, 76 
Arolium, 105, 223 
Arrhenotoky, 141, 498 
Arthromeres, 87 
AruTMiiUi ferulay anatomy, 262 
Ascalaphides, f. 

Ascalaphus coccajuSy 459 ; A, longicornisy 
459 ; A. macaroniusy 460 ; eggs, 460 
Aschipasma caiadromusy 263 , 266 
Aschipasmides, 27S 

Ashmead, on Mymarides, 537 ; on Procto- 
trypids, 537 ; on SHerodermay 536 
Asiromay 300 
Asymmetry, 216 

AthaXia {centi/oliae) spbuirumy 515 
Atropiuae, 394 f. 

Atropos divinatoriay 394 f., 396 
Alta {Oecodoma) eephaloteSy 601 
Attitude, 248, 250, 256, 268, 514 
Attraction of light, 230 
Auditory organ, 400; of CalotermeSy 868 
—see also Ear 

Andouin on thorax, 100, 101 

AtdacuSy 662 

Aulaaiy 532 
Avicenna, 41 
Axes of Imdy, 113 

B4CILUDK8, 278 
Bacillus pcUellifery 263 


Bacteriay 276 

Bacteriides, 277 

Bacunculides, 277 

Baetisy 433 

Ballostomay 196 

Ballowitz on spermatozoa, 140 

Barber, Mrs., on S. African locust, 294 

Harhitisies yersini, 321 

Barustou on Perlidae, 402, 405 

Barriers with eggs, 461 

Bose, 112 

Basement membrane, 162 

Ba.ssett on oviposition of inquilines, 532 

Batnillon, on metamorphosis, 131, 168; 

on reversed circulation, 135 
Bates, on singing grasshopi^er, 319 ; on 
Termites, 375 

Bateson, on forceps of earwig, 209 ; on 
antennae of same, 212 
Bairachotettix whitiy 305 
Bedeguar, 627 , 531 
Bees killeil by LftcustUy 321 
Belt on domestic cockroaches, 231 
Bermuda, 33 

Bertkau, on Psocusy 391 ; on niicropterous 
Psocidae, 394 
Bfthylus habits, 535 
Bherwa, 326 

Bird eaten by Mantisy 250 
Bird-lice, 345, 351 
Biting-lice, 345, 351 
Bittacusy 451, 453 ; B, (ipidariusy 462 
Blabertty 235 ; wings, 237 ; B. giganteay 
222 

Blalwrides, 2^1 
Black Iwetle, 221 
Blanjulidae, 44 
BbinjuliiSf 44 
Blasto^lerm, 147 
Blastophaga grossoruniy 647 f. 

Blatlay 240 

Blattidae, 20ly 220-241, 240 \ parasites 
of, 563 

Blattinae, 240 
Blind Insects, 217, 233 
Blood, 132 
Blood-gills, 479 

Bio why, egg, 146 ; metamorphosis, 163 
Bolivar on eyes of MacMliSy 185 
Batnhusy dorsal vessel of, 133 ; metamor¬ 
phosis, 497 ; B, Hicorumy 488 
Bombyliidae, 291 

Bonnet and Finot on Eugastety 324 
Book-lice, 390 f. 

Boreus hiemedisy 461 ; larva, 453 
Boutan on concealment of leaf-like In¬ 
sects, 323 

Brachyscelides, 526 
Brachystola niaguay 308 
Brachytrypea megac^haluSy 832 
Brac&n palpebratovy 669 
Braconidae, 658 f. 
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Bradford Cave, Myriapods in, 34 
Brain, 118, 120 ; of ant, 119 ; of Perlidae, 
404 

Branchiae, 401, 421—see also Gills 
Brandt on nervous system, 119, 495 
Brauer, on classification, 175 ; on median 
segment, 491 ; on hypermetaniorphosis, 
160 ; on Menorhyncha, etc., 161 ; on 
Ascalaphm larva, 460 ; on development 
of ManHspa^ 464 ; on Palaeodictyop- 
tera, 486; on Pamrrjja larva, 452 ; on 
tegmina of Vhyllium^ 270 
Breitenbach on Proscopiiiles, 299 
Bridgman on British Ichneunionidae, 557 
Brindley on growth of cockroach, 229 
British, Myriapods, 36 ; Orthoptera, 201 ; 
earwigs, 215 ; grassliopiiers and locusts, 
308 ; crickets, 339 ; Psocidae, 395 ; 
Perlidae, 406 ; Odonata, 424 ; Sialidae, 
444, 448 ; Chrysojudes, 469 ; Trichop- 
tera, 480 ; Phytophagous Hynienoptera, 
504 ; Siricidae, 510 ; Cynipidae, 533 ; 
Ichneunionidae, 557 ; Braconidae, 561 
Brongniart, on fossil Insects, 428 ; on 
fossil Neuroptera, 343 ; on Neuroji- 
teroidea, 486 ; on post-embryonic de¬ 
velopment of locust, 287; on young 
Mantis^ 247 f. 

Brongniart and Becquerel on chlorophyll 
in PhiflUum^ 268 

Bruner on variation of Orthoptera, 304 
Brunner, on Hypertely, 322 ; on classifica¬ 
tion of Orthoptera, 202 ; of Blattidae, 
240 ; of Mantidae, 259 ; of Phasmidae, 
277 ; of Acridiidae, 309 ; of Locustidae, 
328 ; on variation of Oedi|x>da, 304 
Bryodenut tufiercnhitat 281 
Bugiiiou on histolysis, 166 ; on Encyrtus^ 
545 

Buller on Weta-imnga, 326 
Burchcdl on Mantis^ 249 
Burgess on Paocus^ 391 f. 

Burineister on Mantidiie, 250 
Bursa copulatrix, 139 

Caddis-flies, 473 f. 

Caecum, 125 
Viienis Uimidiata, 442 
Calcares, 104 
Calepteryginae, 422, 

CalfpteryXf 4^7 ^ 420, 422 ; its eggs* para¬ 
site, 538 

Callimenides, 318, SS9 
CttUimome hedegwiri.% 532 
Caloptenm spreius^ 288 f., 289, 298, 303 ; 
development, 289 

Calotermes flavicdlis^ 362, 363, 371, 376 ; 
C, nodtUostiSf 359 ; C. rugomSf 358, 
382, 388 

Calvert, on Odonatai 412 
Calvisia tUrosignata^ 266, 273 
Calyx, 888 , 439 


Cameron, on ant-parasite, 545 ; on gall- 
producing plants, 527 ; on partheno¬ 
genesis, 498, 499, 517 ; on Pirnpla 
larva, 557 

Camerano on earwig, 211, 213 
(Jampodedf 61; C, staphylinvjt^ 182, 183, 
197 

Campodeidae, 183 
Caniponoiu8f nerves, 495 
Cannibalism, 425, 477 
Cantharidae, 291 
Capnia vernalis, 405 
Caprifi cation, 547 f. 

Capsule of eggs, 201—see also Egg-capsule 
Caraphractus cinctuSy 538 
Carboniferous, Myriapods, 75, 76 ; Insects, 
196, 238 f., 259, 276, 408, 428, 442 f., 
449 

Cardiophorus larva, 90 
Cardo, 95 

Carnivorous and vegetarian, 250 
Carpenter bee wings, 494 
Camithers on locust swarm, 292 
Ca.se, Hymeiiopterous, 514 
CVses, caddis-flv, 476 f., 480, 481, 482, 
483, 484, 485 
Castes, 500, 501 
Caudal branchiae, 423 
Cave, Myriapods, 34, 37 ; Insects, 197, 
451 ; Locustidae, 321 ; cockroach, 232, 
233 

Cecidamym^ parasites of, 536, 537 
Cenchri, 511 
Centipedes, 30, 36, 40 
Cephilftcoema lineaiay 299 
Ce]thaltmomut 536 

Cephidae, 504 f. 

Cepfms integer^ 505 ; C. pygv\<ieus^ 505 
Cerci, 110,183,216, 257, 337, 400; of Blat¬ 
tidae, 224, 238 
Cermatia, 85 
Ceroys saei'issmuf^ 264 
Cervical sclerites, 99, 99, 409 
Clialcididae, 539 

Chalicmivma murarut^ nest, parasites, 
640 f. 

(^hanging colour, 288, 253, 267, 268 

Vhasniodon apterusy 561 

Chatiii on labnim, 93 ; on mandibles, 95 

ChatduMieSy 447 

Cheeks, 94 

Ckeiniatohia hrumeUay j>ai‘asites, 521 
Chelidura dil/itata, 205 
Cheshire on fertilisation of bee, 499 
Chilaspis lowiiy 530 ; C. nUi^a^ 531 
Chilian Insects, 447, 463 
Chilognatha, 30, 4^y 47, 76 \ development 
of, 63 - 72 ; structure of, 52 - 56, 53 ; 
double segments, 53, 70 
CbiloiMHia, 30, 33, 44y 47, 52, 74, 75 \ 
structure of, 56-59; development of, 
70-72 
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ChitiD, 162 

0 bitmog«iiou8 ^lls, 162 
Chlorophyll in tegmioa, 269 
Choeraidodis canMata^ 262 
Cholodkovsky, on head, 87 ; on styles of 
cockroach, 224 ; on embryology of 
Fhyllodromiiif 237 ; on morphology of 
sting, 493 
Chordtuwio^ 31 
Chord^nniidae, 44^ 54 
Chordenmoidea, 80 
Chordotonal organs, 121 
Chorion, 144 
ChoriaoneurOf 240 
Chromosomes, 146 

Chryaopa eggs, 469; larva, 469; C, aapersa^ 
470; C. Jlava^ 469; C, paXlida larva, 470 
Chrysopides, 4 ^ f-» 472 
Chnn on rectal gills, 422 
Chyle, 133 

Chylific ventricle, 125, 228 
Cimbex abdomen, 493 ; abdominal articu¬ 
lation, 492 ; dorsal vessel, 134 ; ayl^ 
varum, saws, 012 
Cimbicides, 611, 517 
Cinura, 182 

Circulation, 132 f.; in caudal setae, 435 
Cladomorphides, 278 
Gladanotua humbertianus, 301 
Classification, 171 f.; of Blattidae, 240 ; 
of Mantidae, 259 ; of Phasmidae, 277 ; 
of Acridiidae, 309 ; of Locustidae, 328 ; 
of Gryllidae, 340 
Claws, 105, 106, 469 
Chitumnides, 278 

Cloeon, eyes, 430 ; C. dimidiatum, larvule, 
432; C. dipterum, nymph, 432 ; respira¬ 
tion of nymph, 436 

Cflothilla, 395; C. pulaatoria, 395, 396; 

anatomy, 392 
Clypeus, 92, 93 
Cockroaches, 220 
Cocoons of sawfly, 515 
Coeloblast, 149 
Coleoptera, J73 
Collcmbola, 182, 189 f. 

Collophore, 193 
Colol^natha, 44 
Colour, 200 
Commissures, 116 
Common cocoons, 515 
Compass Termite, 386 
Complementary Termites, 861 
Compound eyes, 97,430 ; ( = facetted eyes) 
in Myria]>^8, 36 

Concealment by movement and position, 
288 ; by selection of place, 308 
Coniopterygides, 

OowUpteryx luiea, 471; C. paociformU, 
471; d iineifcrmia, 472 
Conoccpiialidea, 318, 827, 328 
Copiophora cwnvJta^ 318 


Cordtdegaaier, 415 ; C, anntdaiua, 415 
Cordulegasterinae, 4^ 

Corduliinae, 486 
Correlative variation, 536 
Corrodentia, 175, 389 
Corrosion by Termites, 860 
Cotydalia, 447 ; C. crosstVornis, 447 
Ccrydaloidea acudderi, 344 
Corydia, 221 ; (7. petiveriana, 238 
Corydiides, 241 
Goryna, 550 

VorynoOtiix hortalia, 191 
Costa, 108 

Cotes on Indian locusts, 298 
Colylftaoma dipneusticum, 272 
Coxa, 88, 104 
Cra^pedoaoma, 76 
Crawlers, 447 
Creepers, 407 

Cietaceous Myriapods, 75 ; Insects, 485 
Creutzbergon circulation, 436 
Cricket, 830, 338 

Crioceria aaparagi, legs of larvae, 106 * 
Crop, 114, 124, 495 
Crunoecia irrorata, case of, 480 
Crypt ides, 557 

Oryptocerua, abdomen of, 109 
OryptopSy 36, 41 
Crystalline cone, 98 
Cucufligera Jlexuoaa, 304 
Cunningham on fig fertilisation, 549 
Cursoria (Orthoptera), 201 
Cuvier, 77 
Cyclops form, 636 

Cylindrodea cnmjtbellii, 336 ; C. kochi, 836 
Cynipidae, 523 

Cynipa acicidata, 531 ; C, diaticha, 630; 

530 ; C, kollari, 530 ; C. ligni- 
cola, 530 ; C. apongijica, 531 
Oyphocrania ae&tuana, 266 
Cyprus, 32 

Cyrtophyllusc<mcavu8,2>2,0\ C. erepitana,Zll 

Dahl and Ockler on feet, 105 
D’Albertis on may-flies, 441 
Damsel-flies, 417 
Dancing may-flies, 439 f, 

Dasyleptua lucasii, 196 
Death-watch, 395 f. 

Decaux on canni^lism of mole-cricket, 886 

Deception, 250, 265 

Decoys, 257 

Decticides, 329 

De Geer on earwigs, 214 

Degeeriidae, 190 

Deinacrida htteracantha, 826 

Demoiselles, 417 

Dendroleon pantherin%u, 458 

Denny on Maniia in England, 258 

Derham on death-watches, 896, 397 

Dermaptera, 202, 216 

Dermatopiera, 202 
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Derocalyninuif 235 
Deroplatya aarawacat 243 
De Saussure, on Orthoptera, 202 ; on wingH 
of Blattidae, 226 f. ; on classification 
of Gryllidae, 840 ; on Hemimeruay 217 ; 
on nomenclature of Blattidae, 240; on 
oceans as barriers to migration, 297 
Desert Insects, 253, 304 
Deuterotoky, 141, 497 f. 

Deuto-cerebron, 118 

Development, of alar organs of IHatycleisy 
312 ; of crickets, 332—see also Em¬ 
bryology and Metamorphosis 
Devonian, 428, 442 

Dewitz on caste, 500; on ovipositor of 
Locustay 314 ; on morphology of sting, 
493 ; on intenial legs, 496 ; on develop¬ 
ment of W'ings of Phryganeidae, 479, 
480 ; on dragon-fly nymphs, 423 ; on 
Chryaopa larva, 470 
Diaphana Jkberiy 226 
DiapheroTnerafenioratay 263, 264, 265, 267 
DiaatrophuSy 532 
Diauluay 484 

Dicranoiay larva, glands of, 142 
Dictyoneuray 277, 344 
Dictyopteryx micntcephalay 406 ; D. sig- 
naiat 401 

Diclocerus eUiaUy 515 
Digestion, 127 
Dilarina, 4^3 

Dilke, Sir Charles, on Orchis-like Mantisy 
254 

Dimorjihic cocoons, 560 ; males, 547,549 

IHpUctr&my 479 

Diploglossata, 217 

DiploiKKla, 4^y 53, 74 

Diploptera ailpha folded wing, 227 

Diptera, 173 

Disgorgement, 495 

Distant on S. African locust, 298 

Ditrochous, 494, 020 

Divided eyes, 409 

JJocophorua ftiacicollis anatomy, 348; 

D. icterodesy 1). cygniy 849 
Dog, biting-louse of, 349 
Dohm on tracheal system of Orylltdaipay 
132; on embryology of OryUotaipa.y 
336 

Dolichopoda palpatay 322 
Dorsal vessel, 133, 134 ; reverseil action, 
435 

Dorsum, 100 
Dragon-flies, 409 
Drakes, 441 

Dr^aanepteryx phalamouieay 403, 468 ; 

wings, 468 
Drones, 499 
Drummers, 237 

Dubois on decapitated MantUy 250 
Duchamp on egg-capsule of cockroach, 228 
Ductiu ^aculatorius, 140 


Dudley and Beaumont on Termites, 372, 
387 

Dufour, on alimentary canal, 124 ; on tra¬ 
cheal system, 129 ; on air sacs of Acri- 
diidae, 283; on sexual organs, 188, 
139; on testes, 140 ; on phouation, 
286; on Tridaxtylvay 338; on Man- 
tidae, 246 ; on earwigs, 210 ; on ana¬ 
tomy of cockroach, 228 ; on anatomy of 
Gryllotalpay 335 ; on anatomy of Ter¬ 
mites, 360; on anatomy of Panorpay 
450 ; on larva of Sialia, 446 ; on Myrme- 
leon larva, 458 
Duns, 441 
Dust-lice, 390 f. 

Dwellings of Termites, 385 f. 

Dyliacuay mesothorax, 101 ; egg-tube, 138, 
139 

Dzierzon theory, 499 

Eau, 101, 121 ; of Acridiidae, 285 f., 280 ; 
of Locustidae, 316 f., 316, 317 ; of 
crickets, 332 ; of Gryllotalpay 333, 334 
Earliest Insect, 238 

Earwig, 202 f., 211, 213, 214 ; forceps, 
208 f., 209 ; wing, 206 ; the name, 214 
Eaton, on nymph, 157 ; on Ephemeridae, 
435, 437, 440 

Ecdysls, 156, 162 ; nature of, 169 
/fcfo6m,236; E.lapponicay egg-capsule, 229 
Ketobiides, 24 O 
Ectoblast, 149 

Ectoderm, 148; of Peripatuay 20 f,, 22 
Ectoguathi, 189 
Ectotrophi, 189 

Eggs, 143-145 ; of Peripatuay 19 ; of Myria- 
jXKls, 38, 39, 64 ; of Aiscalaphuay 460; 
growing, 513 ; of parasites, 552 ; of egg- 
parasitea, 545 ; otConjdalisy 447 ; ofCyni- 
pidae, 528 ; of Lunacodeay 163 ; of Mallo- 
phaga, 348 ; of MicrocetUrutHy 314 ; of Phas- 
midae, 265, 270 f., 270 ; of Pcrhiy 404 ; 
of Sialisy 445 ; of Trichoptera, 476 
Egg-capsule, 265, 290 ; of Phylliumy bisto- 
logyy 271 

Egg-parasites, 522, 536, 538 
Egg-tubes, 137, 189, 392 —see also Ovaries 

Kilaticusy 76y 80 

Eisig on chitiuous excretion, 180, 163 

Ejaculatory duct, 392, 414 

£;jectiou of fluid, 264, 324, 399, 515 

ElaamoaoTHOy 559 

Elattr larva, 29 

Elipsocua breviatylua, 893 

Elytra, 108 

Embiay 352, 353 

Embidapaocusy 395 

Embiidae, 351, 395 

Embryology, 145-153 ; of Peripatuay 19 f.; 
of Myriapods, 68 f.; of ])arasites, 522; 
of earwig, 216; of Blattidae, 237 ; of 
EwyrtttSy 546 ; of Gryllotalpay 336 ; of 
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PolifttemOy 538 ; of S/micra^ 545; of 
Proctotrypidae, 536 f. 

Emergence from egg, 263,264, 290,291,313 
Empi^ium, 105 
Kmpum pauperatay 245, 257 
Empusides, £59 

Encyrtus fuscicollis development, 545 
Eudoblast, 149 

Elndoderm, 148 ; of Peripalusy 20 f., 22 
Endolablnm, 97 
Endo-slceleton, 399 
Eiieopterides, $40 

Euock on Ahiplus and Caraphractusy 538 

Enmcyla pusilUty 481 

Entognathi, 189 

Entomology, 86 

Entothorax, 103, 114, IIG 

Entoirophi, 189 

Eocene, 407 

Eoperipatusy 24 n. 

Eoscolopendridae, 80 

Ephenieray 434 ; E. ilanicay 429, 441 ; 

wing, 431 ; E. i^uhjafay 441; nympli, 433 
Ephemeridae, 

Ephippigera Malpighian tubes, 335 ; E, 
rugosicolli.% 323 
Ephippigerides, 318, 329 
Epiblas^ 65, 149 
Epicranium, 92, 93, 93 
Epidemes, 107 
Epilamprides, 249 
Epimeron, 100, 101, 104 
Epistemuii), 88, 100, 101, 104 
Epistome, 92 

Epithelium of stomach, 126 

Eremiaphilay 243, 253 ; E, turcicay 253 

Eremobiens, 304 

ErianthuSy 301 

Erichson on Neuroptera, 342 

Erne on Rhyssa, 554 

EtoHaitina manehachcnsisy 238, 239 

Eucharis myrnm,iaey 545 

Euchrorndy head and neck 99 

EnicoryhaSy 37 

Eugaater guyoniy 324 

Evgereon bockingiy 486 

Eumegalodon hlanchctrdiy 827 

Euinegalodonidae, 327 

Euorthoptera, 216 

Euphaedy 422 

EuphcbeHOy 76y 80 

Euphobeiiida^ 73, 76 

Euprepocnttnia ploransy 303 

Eurycdntha auatralUy 274 

Eurypanropidae, 47 

Eurytonut ahrotaniy 589 

Eu$thenia apectahHisy 407 

Eutermesy 374 ; E, rippertiy 888 

Euihyrhdphdy. 226 

Evanidy 562 

Evaniidae, 562 

Exner on sight, 416 


Exodus, locust of the book of, 298 
Exsertile blood-sacs, 132 
External iwusite, 555 
External structure, 87 ; diagram, 88 ; of 
earwigs, 203 f. ; of cockroaches, 221 ; 
of Mantidae, 242 f. ; of Phasmidae, 
260 f. ; of Acridiidae, 280 f.; of Odon- 
ata, 409 f. ; of Ephemeridae, 430 f. ; of 
Pmiorpdy 450; of Phryganeidae, 474 ; 
of Hyinenoptora, 489 f. ; of Tenthre- 
dinidae, 511 

Eyes, 97—see also Compound Eyes and 
Ocelli 

Fabkjb on Leucospisy 540; on Monodmi- 
tomeruSy 543 ; on SireXy 509 
Facettetl eyes—see Compound Eyes 
Family, 177 
Fasting, 448, 458 
Fat-body, 136 

Feeding, by Termites, 376 ; young, 495 
Femur, 88', 104 
Fenestra, 221 

Fenestrate membrane, of eye, 98 ; of ]'eri- 
cardium, 134 

Fertilisation, 499 ; of fig, 549 
Field-cricket, 332 
Fields of wings, 206 
Fig-Insects, 547 f. 

Figitides, 525 

Finot on JapyXy 196 

Fire-brats, 186 

Fischer on instars, 158 

Fish destroyed, 425 

Fletcher on parthenogenesis, 498 

Flight, 416 

Floral simulators, 254 f. 

Flying-machine, model for, 417 
FoenuSy 503 

Foetus of UemimentSy 218 
Foramen, occipital, 92, 94 
Forbes on Blattid, 235 
Forceps of earwigs, 208, 209 
Forel on nervous system of ant, 495 
Ftrrficuld auHcuIaridy 202 f., 204, 209, 
211 ; F. gigantedy 210 
Forficulidae, 201y 202 
Forraica-leo, 456 
Formicajo, 456 
Formicario, 456 

Fossil, Insects, 178, 472, 485, 486; 4cri- 
diidae, 308 ; Blattidae, 238 ; cricket, 
340 ; dragon-flies, 427 ; earwigs, 216 ; 
Locustidae, 328 ; Mantidae, 258; may¬ 
flies, 442, 443; Phasmidae, 276; 

Paiiorpidae, 453 ; Perlidae, 407 ; Siali- 
dae, 449 ; Termites, 389; Tliysanura, 
196 ; Myriapods, 72 f.; Palaeozoic Neu¬ 
roptera, 343 

Founding communities, 381 

Fourmilions, 456 

Fowl, bitiug-louie of, 350 
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Fritze on Ephemerid alimentary canal, 439 
Frons, 94 

Front wingH absent, 260 f. 

Fungus chambers, 387 
Fungus-growing Termites, 385, 387 
Funiculus, 492 
Fiirca, 103 

Furcal orifices, 399, 402 

Galapagos Islands, 459 
Galea, 95 
Gall-flies, 623 f. 

Galls, 614 f. ; nature of, 625 f., 633 
Ganglia, 116 

Gauin, on nietamorpliosis, 162 ; on embry¬ 
ology, 636 f., 538 
(lasteruption, 502 
Gena, 94 

Geophilidae, 46', 58, 75 

aeopliUua, 33, 36, 39, 16 ; marine, 30 ; 

phosphorescent, 34 
Geoscapheusides, 

Gerascutigeridae, SO 
Oerephrmera simplex, 428 
Gerstaecker, on Neuroptera, 343 ; on 
mouth of Odonata, 411 
Giebel on Mallophage, 347 
Gigantic Insects, 276, 306, 428 
Gilbert White, on mole-cricket, 333 ; on 
field-cricket, 339 

Gills, 132, 400, 421,432f., 478; jointed,445, 
446, 467 ; filamentous, 476 ; spongy, 
447 ; prothoracic, 443 ; of pupa, 483 ; 
on imago, 401, 479 ; bloo<l-gills, 479 
Giraud on ('ynipid oviposition, 628 
Gizzard, 124, 126 
Glacier water, 405 
Glande siibififpie, 139 

Glands, 139,142 ; conglobate, 229 ; maxil¬ 
lary, 408 ; mushroom, 258—see also | 
Salivary Glands 

Olandulae odoriferae, 31, 36, 64 
Glomeridae, ^7, 76, 80 
Glomeridesmidae, 80 
OhmeriSf 33, 43, 62 
Gnathites, 94, 97 
Golden-eyes, 469 
Gbldi on eggs of Phasmidae, 266 
Gomphinae, 4^0 
Oomphocerus, 308 
Oomphus, 415 
Gonapophysis, 110 
Gon^yUis gongyloides, 264 f., 206 
Gosch on median segment, 491 
Goureau on Microgiiatery 660 
Graber, on dorsal vessel, 134; on blootl 
cells, 137 ; on embryology, 148-161 ; 
on ears, 286 ; on ears of Locustidae, 
316, 317 ; on chordotonal organs, 121 ; 
on blood, 133 ; on phonation of Steno- 
hMTU$t 284 ; on Platydeis, 312 
GrassU on Myriapoda, 47 ; on Vampodea, 


163 ; on Emhia, 353 ; on Termitidae, 
361 f. 

Grass! and Rovelli on Tliysauura, 182 
Green grasshoppers, 311 
Green, Mr. Staniforth, on Helicomitus 
larva, 461 

Oromphadorhina portentosa, 230 

Grosse on Mallophaga, 346 

Growth of wings, 393 ; of Maiitidae, 248 

Gryllacrides, 329 

Gryllidae, 201, 330-340, 340 

Gryllides, 340 

Oryllotalpa, 332 ; dorsal vessel, 134 ; 
Malpighian tubes, 127 ; tracheal system, 
132 

Gryllotalpides, 340 

(Jryllus, hea<l, 93 ; G, campestris, 332, 
339 ; O. domeslicus, 330, 338 
Guilding on Ulula, 461 
Gula, 88 , 93 
GjTi cerebrales, 119 
Gyropus, 360 

Haase on abdominal appendages, 189, 
192 

Haemocoele, 22, 23 

Hagen, on segments, 88 ; on wing-rudi¬ 
ments, 395 ; on respiration of immature 
dragon-fly, 423 f. ; on larvae of Ascala- 
phides, 460 ; on amber Psocidae, 397 ; 
on Platepheinera, 428; on Perlidae, 
401; on Psochlae, 393 f. ; on Termites, 
360 f. 

Ualdmanella, 308 
JfalesHS gultaiii)ennis, 473 
Haliday on Jiethylus, 636 
Ifalobdtes, 83 
Ilalteres, 108 

Hansen on llemimerus, 217 
Uaplogenius, 461 
/faplophlebivtn, 345 
l/aploptts yrayi, egg, 260 
Harpagides, 259 
Ilarpalus caligimsus, heml, 92 
Uarpnx ocellata, 263 ; II. mriegnius, 244 
Harrington on i>ry.ssus, 507 
Harris on Katydids’ music, 320 
Hart on forms of AlOi, 501 
Hartig on gall-flies, 630 
Harvesting Termites, 383 
Harvey on metamorphosis, 168 
Hatchett Jackson on ecdysis, 162; on 
oviduct of Lepidoptera, 139 
Haustellatn, 94 
Haustellnm, 476 

Haviland on Termites, 868, 373, 384 
Hawaiian Islands, 364, 396, 426, 471 
Head, 92-94 
Heart, 133 
Heat, 131 

Helicomitiis inMmylam, 480, 461 
Hdicopsgcke shulileicortlu, cases of, 482 
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Hellgrammites, 447 
Helminthomorpha, SO 
Helcrus ano^nalij^t 634 
Hemerobiidae, jfSS f. 

Hemerobiidea, 4^5 f. 

Hemerobiina, 467^ 472 

Hemtrobius larva, 467 

Hemichroa rvfcL, 498 

Hemimeridae, SOI, 217 

ffetnimerus hanseni, 217 ; foetus of, 218 ; 

H, talpoides, 218 
Heiuimetabola, 158 
Hemiptera, 173 
Hemiteles, 556 

Henking on embryology, 145 
Heimeguy on egg-capsule of PhylUum, 
271 ; on embryology of Sinicra, 545 
Heptagenia, 440 ; //. longiaiuda^ 487 
Hessian-fly, parasites, 537 
Heterogamia, 222 ; H, aegyptiaca, 220; 

egg-capsule, 229 
Heterometabola, 168 
Heteromorpha, 158 
Heterophldna dislocaia, 427 
Hetercpteryx grayi, 262 
Hetrodides, SS9 
Hexapoda, 86 

Heymons on earwig embryology, 216 

Hind body, 109 

Hind wings absent, 429 

Histoblast^ 167 

Histogenesis, 165 

Histolysis, 165, 166 

Hodotermes- japonicus, 383; H, havi^ 
landi, 384 ; JL mossamhicus, 306 ; //. 
brunneicomis^ 369 ; //. qiiadricollU, 

871 

Hoffbauer on elytra, 108 
Holocompsa, 226, 235 
Holometabola, 158 
Holopbtbalmi, 450 
Homomorpba, 158 
Hooks for wings, 494 
Hoplolopha, 808 
Hose, 393 

Howard, on pupation of Chalcididae, 550 ; 

on Hydropayche, 483 
Hubbard and Hagen on Termites, 388 
Humboldt, 31 
Humpback, 445 

Huxley, on bead, 87 ; on cervical sclerltes, 
99 

Hydropayehe, 479 
Hydropsycbides, 4SS\ larva, 488 
HydroptUa angusteUa, 474; //. macluch- 
lani, larva, 484 
Hydroptilides, 4S4 
HyloUma toaae, 513 
Hymenoptera, 173, 4S7-f>%b 
ffymenoptera phyUiphaga, 503 f. 
Hymenopua hicomis, 253 
HypereUs, 395, 397 


Hypermetamorphosis, 158, 109, 465, 640, 
652, 557 

Hyperparasitism, 621 
Hypertely, 323 
Hypnorwt amovna, 284 
Hypoblast, 65, 149 
Hypocephalus, 99 
Hypochrysa^ 470 
Hypodennis, 162, 480 
Hypoglottis, 96 

HyponometUa cognatella, parasite of, 545 
Hypopliarynx, 96—see also Lingua 

ICHNKUMONES ADSCITI, 550 
Ichneumon-flies, 266, 531 ; iiniiijurious 
264 ; supplementary, 558 
Icbneumonidae, 551-55% 

Ichneiimonides, 557 
Jctinwiy 419 
Ilyodes, 80 

Itiiagiual, discs, 165, 166 ; folds, 165 
Imago, 157 
Imbrications 493 
Imhof on Perlay 403 f. 

Inaerpiipalpia, 430 
Indusial limestone, 485 
Infra-oesopliageal ganglion, 11 
Inner margin of wing, 108 
InoctUia, 44^ 

Incpiilines, 373, 524, 531, 533 
Insecta, deflnition, 86 
Instar, 155, 158 
Instinct of IjeucospiSy 541 
Integument, 162 

Internal anatomy, 186 f. ; of Acridiidae, 
282 f.; of earwigs, 210 ; of OryUotalpa, 
330 ; of Hymenoptera, 494 ; of Libel- 
Inlfty 414 ; of Mantidae, 246 ; of Myr- 
'm^leon larva, 457, 408; of Odonata, 
414 ; o/* Stylopyga orientalU, 228 ; of 
Phusmidae, 262 ; of Raphidia, 448 ; of 
tHialis larva, 446 ; of'lliysanura, 187 f. 
Intestine, 114, 124 
Involucnim alarum, 206 
Iria oratoria, 248 
Jaogenus nnbeciUn^ 405, 406 
hopteryxy 400 
Jsoaomay 646 
iBotoma, 190 

Jamaica, 388 
Japygidae, 184 

Japyx,tMom^\\ of,109; J,sd\fugtia,li%A,X93 
Jherlng, Von, on Termites, 387 
Joint, 106 
Joint-worms, 646 

Joly on Epbemeridae, 431 ; on anatomy 
of PhyUium, 262 
Julidae, 34. 71, 78, 77 

Juloidea, ^ 

Juldpaia, 74 

Julus, 86-39, 52 ; J, nemorenaia, 48 ; J, 
terreairia, 87, 70, 77 ; breetling, 37 ; 



INDEX 


575 


development, 66*69 ; heart, 60; ovum, 
68 , 66; eye, 69 
Jurassic, 216, 259, 407, 442 
Jurine on pieces at base of wing, 102 

Kaupecaris, 76 
KarabidioUf 274 
Katydids, 319, 320 
King, 361, 878 

Klapilek, on Trichopterous larvae, 484 f. ; 

on AgriotypuSf 557 
Knee, 104 
Koch, 42 

Koestler on stomatogastric nerves, 120 
Kolbe, on entothorax, 103 ; on wings of 
Psocidae, 894 
Kollar on AStrex, 509 

Korotneff on embryology of Oryllotalpa^ 
386 

Korschelt on egg-tubes, 138 
Korscbelt and Heider on regenerative 
tissue, 167 

Kowalevsky, on phagocytes, 166; on re¬ 
generative tissue, 167 ; on bee embryo, 
496 

Kradibia cmoani^ 549 
Kraiicher on stigmata, 111 
Krawkow on chitin, 162 
Kulagin, on embryology, 537 ; of Encyrtm^ 
545 

Kiinckel d’Herculais, on histoblasts, 167 ; 
on emergence of ^uronotnSf 290 

Lohia minoTf 214 

Labidura riparuiy 210, 211, 214, 215 
Labium, 95 ; of Odonata, 410, 411 ; of 
O. larva, 420 

Laboulbene, on Anuruia viarilima,^ 194 ; 

on Perla^ 399 
Labrura, 93, 93 
Laoewiug flies, 453, 469 
LdchesUla^ 395 
Lacinia, 95 
Laemabothrium^ 847 
Lamarck, 77 

Lamina, sul^nitaljs, 224; supra-analis, 224 
Landois on stigmata, 111 
Laiiguette, 96 
Lankester, 40 

Larva, 157; (resting-larva), 164 ; oldest, 449 

Larvule, 431, 432 

Latreille, SO 

LatreiUe's segment, 491 

Latzel, 42, 77 

Latxdia, 80 

Leach, 80, 77 

Lead, eating, 510 

Leaf-Insect^ 260 

Legs, 104 ; internal, 496 ; four only, 549 ; 
of larvae, 106, 110 

Lendeufeld, on dragon-flies, 416, 417 ; on 
truaeles of dragon-fly, 115 


Lens, 98 

liepidoptera, 173 

Lepiama^ 180, 196; L, aaccharinOt 186; L. 

nvoeo^foMitUa^ 195 
Lepismidae, 185 
Leptocerides, ^3 
Leptophlebia cupida^ 430 
Lesp& on Ckdotermea^ 364 
Leuckart on micropyle apparatus, 145 
Leucocytes, 137 

Leucoapia gigaa^ 640 ; larva, egg, 642 ; 
habits, 540 f. 

Lewis, Geo., on luminous may-fly, 442 
Lewis on Perga^ 518 

Leydig, on brain, 119, 120 ; on Malpighian 
tubes of Oryllotalpa, 335 ; on ovaries, 
137, 142 ; on glands, 142 
Lias, 216, 239, 340, 427, 428, 453, 485, 503 
Libellago eaZigaUay 413 
Libellula quadririuiculala^ 411, 425 
Libellulidae, 409 
Libellulinae, 416, 4^6 
Lichens, resemblance to, 253 
Li^nard on oesophageal ring, 118 
Light, attraction of, 441 
Li^la, 96 

Lilies and dragon-flies, 426 
Limacodea egg, 163 
Limacomorpha, 80 
Limnophilides, 4^1 
Lingua, 96, 96, 391, 411, 420, 437 
Linnaeus quoted, 84 
Liotheides, 346, 350 

Lipeurus heterographua, 346 ; L. hacillua^ 
347 ; L. tematua^ 349 
Lipuraburmeisteriy 190 ; L. niaritivuiy 194 
Lipuridae, 190 

Liquid emitted, 264, 324, 399, 515 
Liasonota aetoaa, 661 
Lithobiidae, 45y 70, 75 
Lithobiuay 32, 36-39, 41, 46, 58 ; breeding, 
38 ; structure, 48, 49, 67 
LUhmmniiay 259 ; L. carbanaria, 344 
LocuaUiy ovipositor, development.and struc¬ 
ture, 316 ; L, viridiasttnoy 318, 319, 321, 
324, 327 

Locustidae, 301y JiJ-329, 338 
Locustides, 329 

Locusts, 291 f.; of the BiUe, 298; in 
England, 299 ; swarms, 292-299 ; eggs, 
292 

lioew on anatomy of PancrpOy 450; of 
Raphiditty 448 

Lonchodea duirenbodi, egg, 266 ; L. nema^ 

todeay 260, 261 

Lonchodides, 277 

Longevity, 377, 429, 438; of cockroach. 
229 

Lopaphua cocopkagua, 264 
Lophgrua pini^ 611 
lidw on Cinioptergx, 471, 472 
Low, F., on snow Insects, 194 
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Lowue, on embryonic segments, 151 ; on 
integument, 162 ; on stigmata, 111; on 
respiration, 130 

Lubbock, Sir John, on Fauropus^ 62 ; on 
aquatic Hymenoptera, 538 ; on auditory 
organs, 121 ; on sense organs, 123 ; on 
respiration, 130 ; on stadia, 165 ; on 
432, 437 ; on Collembola, 192 ; 
on Insect intelligence, 487 
Lucas on mouth-parts of lYichoptera, 475 
Luminous may-flies, 442 
Lycaenidae, eggs, 144 
Lyonnet on muscles, 115 
Lysiopetalidae, 76 

Machilidae, 18 If 

Mmhilis vuiritima, 186 ; M. palyptHUif 1S4 
Macronenm, 478 
Malacopoda, 77 
Mallophaga, 342, 343 850 
Malpighi on galls, 525 
Malpighian tubes, 114, 124, 127, 187, 
353, 360, 392, 403, 414, 421, 448, 457, 
468; of (wryllotfilpct, 336; of JCphippiyent, 
335 ; of MarUiSf 246 ; of Myriapods, 
48 

Malta, Myriapods at, 35 
Mandibles, 94, 96 ; alisent, 474, 475 
M indibulata, 94 
Manticam, 304 
Mantidae, 201, 242-259, 230 
Mantides, 239 

Mantis, immature tegmina, 248 ; parasite, 
546 ; M. religiom, 246, 247, 258 
Mantispfi areolaris, 463; M. sfyriuca larva, 

464 

Mantispides, 433 f. 

Mantoida luteola, 261 
Marchal on Mal)>ighian tulies, 127 
Marine Myriapods, 30 
Marshall, on Apanteles cocoons, 660 ; ou 
Braconidae, 561 
Mask, 420 
Mastaeides, 301, 309 
Mastax guitaius, 301 
Maternal care, 214, 336, 517 
Maxilla, 95, 96 ; of Odonata, 411 ; absent, 
190 

May-flies, 429 ; numW of, 442 
Mayer, on Apterygogenea, 196 ; on capri- 
fication, 647, 548 
Mazon Creek, Myriapods at, 75 
MHUoy on variation of ocelli, 267 
M*Lachlan, on Ascalapliides, 459; on 
Oligotoma, 854 ; on Psocidae, 395; on 
Trichoptera, 480 f. 

Mecnptera, 174^ 453 
Mechanism of flight, 416 
Mecistogaster, 412 
Meconema varium, 321 
Meconemides, 828 
Mecopoda, 319 


Mecopodides, 328 
Mecostethua grossua, 286, 299, 308 
Median plate, 504, 506, 507, 512 
Median segment, 109, 490, 491 
Megachile, nervous system, 490 
Megaloblatia rvfipea, 235 
Megalomua hirtua, 468 
Megalyra, 362 
Megalyridae, 562 
Meganeura monyi, 428 
Megasecopteritles, 344 
Megaatigmns, 547 

Meinert, on earwigs, 210, 211, 212; on 
Mynneleon larva, 457 ; on stink-glands, 
210 

MelUtobia, 545 

Melliss on Termite of St. Helena, 380 
Meliiikow' on eggs of Mallojdiaga, 348 
Meinbranule, 413 
Menognatho, 161 

Menopon leucoatomum, 348 ; M. pidlidum, 

360 

Menorhyncha, 161 
Mentum, 96, 96, 96 
Mesoblast, 20, 65, 149 
Mesoderm, 20, 149 
Mesonotum, 88 
Mesopsocna unipunctatus, 304 
Mesothoracic spiracle, 491 
Mesothorax, 101 
Mesozoic, 309, 449, 485 
Metabola, 158, 174 
Metagnatha, 161 

Metamorpliosis, 153-170 ; of Hymenoptera, 
497 ; of nervous system, 495 f. 
Metanotum, 88 
Metapoileou, 491 

Methane, 200 ; M. anderasoni, 806, 306 
Miall, on imaginal discs, 165, 167 ; on 
unicellular glands, 142 
Miall and Denny, on pericardial tissue, 
135 ; on epithelium of stomach, 126 ; 
on s{>errnatheca of cockroach, 228 ; on 
stigmata, 111 ; on stomato-gastric nerves, 
120 

Mutmia bronaoni, 449 
Micracentruvi relinerve, 313, 814, 820 
Microgaater, 559 ; M. /tdrij)ea, 560 ; J/, 
globatua, 560 

Micropterism, 339, 394, 405 f., 484 
Micropyle, 145 ; apparatus, 404 
Migration, 293, 425 
Migratory locusts, 292, 297 
Millepieds, 41 
Millipedes, 30, 40, 41 
Miocene, 216, 258, 407 
MoUintm angaatuta, mandibles of puXHi, 
477 

Mole-cricket, 338 ; leg, 888 
Monies on Anvrida maritima, 194 
Mtmodont&merua, 532 ; M. eupreua, 548; 
M. nitidua, 544 
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MonomachuSf 563 
Monomorphic ant, 498 
Monotrochous trochanters, 494, 520, 564, 
565 

Morddla eye, 98 
Mormolucoidta articulatu8y 449 
Morton, on gills of Trichoptera, 483 ; on 
Perlidae, 406 
Moult, 156 

Moulting, 437 ; of external parasite, 556 
Mouth'parts, of dragon-fly, 411 ; of dragon¬ 
fly nymph, 420 ; atrophied, 430 
Miiller, Fritz, on caddis-flies, 482 f.; on 
fig-insects, 549 ; on Termites, 358, 360, 
374, 381, 882 

Muller, J., on anatomy of Phasmidae, 262 
Murray, on Phyllium Hcythe^ 263; on 
post-embryonic development of Onhop- 
tera, 265 

Musca^ metamorphosis, 163, 167 
Muscles, 115 

Music, of Locusta, 318 ; of Tanana, 319 ; 

of Katydids, 319—see also Phouation 
Mylacridae, 239 
Mymarides, 537, 538 
Myoblast, 149 

Myriapoda, 27, 74 ; definition, 29; as 

foo(l, 31 ; habits, distribution, and breed¬ 
ing, 29-40 ; locomotion, 40 ; names for, 
41 ; classification, 4^-4'^ » structure, 47- 
63 ; embryology, 63-72 ; fossil, 72-77 ; 
affinities, 78 
Myrmecclemi, 456 
Myrmecopharui fallax, 328 
Myrmecoph Hides, 340 
Myrmdto, 456 

Myrmdenn, 456; M. europaeus, 457 ; M, 
fomiicariiis, 455, 457 ; M, nostras, 457 ; 
M, pallidipennis, 456 
Myrmeleouides, 4^4 f- 

Nasuti, 370 

NecropkUus arenariua, 462 

Necroscitles, 278 

Needham on locusts at sea, 297 

Nematus, 514 ; N. curtispina, 498 

Netnobius aylvestris, 339 

NeiMptera ltdcreri, 462 ; N, larva, 462 

Nemopterides, 4^2 

Nemoura, 401 ; N. gladalis^ 405 

Neoteinic Termites, 362, 380 

Nervous system, 116 

Nervures, 107,108, 206 ; of Psocidae, 893 ; 

of Embiidae, 862 ; of Termitidae, 869 
Neuroptera, 17S, ^47*485; N. amphibio- 
tica, 34 ^; N. planipennia, 34^ 
Neuropteroidea, 486 
Newroterua Imlicularis, 628 
Neuters, 137 

Newman on abdomen, 491 
Newport on Anthoiduirabia, 545 ; on 
MimodofUmnerua, 544 ; on Paniacua, 
VOL. V 


555 ; on PUronarcya, 399 f.; on turnip 
sawfly, 515 

Nicolet on Smynthuridae, 191 
Nietner on Psocidae, 395 
Nirmus, 346 f. 

Nitzsch, on Mallophaga, 346 f.; on Psocidae, 
392 

Nocticola aimoni, 232 
Nodes, 493 
Nodus, 413 
Nomuidina, 565 
Notophilidae, 4^ 

Notopkilua, 46 
Notum, 91, 100 

Number of s^^ecies, of Insects, 83,171, 178 ; 
of Cephidae, 506 ; of Chalcididae, 539 ; 
of gall-flies, 533 ; of Hymenoptera, 503 ; 
of Parasitica, 520 ; of Ichneumonidae, 
551; of Odonata, 424 ; of Orthoptera, 
201 ; of earwigs, 215 ; of cockroaches, 
236 ; of Mantidae, 258 ; of Phasmidae, 
272; of migratory locusts, 297 ; of 
Perlidae, 407 ; of Psocidae, 395; of 
sawflies, 518 

Nurseries of Termites, 387 
Nusbaurn on embryology, 149, 152 
Nyctiborides, 240 

Nymph, 157; of dragon-fly, 418, 419, 
420, 422, 426 ; of Ephemeridae, 432 f., 
432, 433, 434, 436, 436 
Nymphidina, 465, 472 
Nyssonides, 565 

Oak-oalls, 527 
Occiput, 94 

Ocelli, 97, 282, 313, 400, 409, 430; 

variation in, 267, 536 
Odonata, 400 f. 

Odontocrrum albicome, case of, 480 
Odontura aerricauda, 316 
Oecauthides, 340 
Vecanthna, 339 
OecodomoL —see AUa 
Oedipo<iides, 304, 309 
Oenocytes, 137 
Oesophageal **bone,*' 391 
Oesophageal nervous ring, 118, 121 
Oesophagus, 114, 184, 403 
Oestropsides, 403 
Oligonephria, 175 

Oligoneuria gammniea, nymph, 484 
Oligotoma michadi, 361, 354; O. aaundersi, 
862 ; O. inan/aria, 354 
Onimatidium, 98 
Oniacigaater toak^/ieldi, 448 
Oniscomorpha, 30 
Ontogeny, 153 
Onychophora, 4 
Oolemm, 144 
Oolitic, 239 

Ootheca of Mantia, 246, 847 
OpkioneUua, 563 
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Ophionides, 657 
C^pisthocosmia eefvijpygcLy 215 
Opisihopatu8f 24, 24 n. 

Orders, 172 
Orientation, 112 
Origin of wings, 206 
Orl-6y, 445 

Ormer^ Miss, on importation of locust8,299 
Ornament, 200, 215, 233 f., 243, 244, 
282, 302, 313, 339 
Orphania denticauda, 321 
Orlhodera ministralis^ 249 
Orthoderides, 251, 269 
Orthophlebia^ 453 
Orthoptera, 172, 198-340, 407 
Oryssidae, 606 

0rys9us abietinus, 506 ; 0. sayi, 606 
Osborn on Mefwpon^ 350 
Osmylides, 400 
Osmylina, 466 

Osmyhu chrysops, 341 ; larva, 466 ; O. 
maculatus, 466 

Osteu Sacken on similar gall-dies, 532 
Ostia, 48 f., 133, 436 
Oudemaas on Thysanura, 182 
Oustalet on Odona^ 422, 423 
Outer margin of wing, 108 
Ovaries, 137, 138 ; of earwigs, 211 ; of 
Ckdipoda, 283, 284 ; of Perlcb, 404 ; of 
Thysanura, 188 
Oviduct, 139, 892 

Ovi|> 08 ition, 229, 246, 265, 290, 291, 440 ; 
of Agriotypus, 557 ; of Cynipidae, 527 
f., Adler on, 529 ; of Encyrtus, 545 ; 
of Ichneumon, 555 ; of inquiline gall¬ 
flies, 532 ; of Mecone^na, 321 ; of /V/r- 
cinus, 564 ; of Pimpla^ 553 ; of Pmla’ 
grion, 546 ; of sawflies, 513 ; of Sirex, 
509 ; of Xiphidium^ 321 
Ovipositor, 110, 552, 554 ; Cynipid, 524 ; 

of Lociista, development, 314, 316 
Owen, Ch., 40, 78 

Oxyethira, 484 ; 0. costalis, larva, 486 
Oxyhaloides, 234, 241 
Oxyura, 6 SS, 534 

Pachycrkpis, 550 

Pachytylui cinerascena, 293, 297, 298, 299, 
308 ; P, marnumUus, 298 ; P, migratar- 
ioidea, 298 ; P. migratorixM, 298, 299, 
308 ; P. ntgrofoMeiatvs, 286, 298 
Packanl, on cave-Myriapods, 34 ; on air 
sacs of locusts, 283, 294 ; on classifica¬ 
tion, 173; on development of IHpUnx, 
419 ; on may-flies, 430 ; on metamor¬ 
phosis of Bombus, 497 ; on scales, 397 ; 
on spiral fibre, 129 
Pad, 105 

Paedogenesis, 142 

Pagenstecher on developmentof J/oTtf is, 247 
Palaeacrididae, 809 
Palaeoblattariae, 289 


PalaeoblatHna douvillei, 238 f. 
Palaeocampa, 78 
Palaeodictyoptera, 486 
Palaeomantidae, 259 
Palaeontology, 178 
Palaeophlebia auperstes, 427 
Palaeozoic, Myriapods, 76; Insects, 343,486 
Palenarthnis, 80 

Palingenia bUineata, 430; P.feiatmantdii, 
443 ; P. papuanxt, 441 ; P. virgo, 431 
Palmen, on dragon-fly nymphs, 423 ; on 
Ephemeridae inflation, 439 ; on gills of 
Perlidae, 402; on rectal gills, 422 ; on 
tracheal system of immature Ephe¬ 
meridae, 436 
Palmon, 546 
Palmula, 105 
Palophtts centavrwi, 276 
Palpares, 454 
Palpiger, 95 

Palpus, 95 ; of Pieris brassicae, 122 

Pambttlus, 561 

Pamphagides, 303, 610 

Paiichlora virUlis^ 229 

Panchlorides, 241 

Panesthiides, 241 

Paniscus xnrgaUtJt larva, 666 f. 

Panarpa, 450, 453; leg, 104 ; P. com* 
munis, 449 ; larva, 462 
Panorpatae, i7o, 453 
Panorpidae, 440, 451 
Pantel on phonation of Cuculligera, 304 
Papiriidae, 191 
Paraderm, 164 
Paraglossa, 96, 96, 96 
Paraperipalxis, 24 n, 

Parapteron, 100, 101, 102 
Parasites, 540 f., 543 ; external, 666 
Parasitica, 620, 621 
Parasitism, 521 f., 535, 559, 560 
Parthenogenesis, 141, 481, 497, 516 I 
530 f., 547 ; utility, 517 
Possalidae, mandibles, 95 
Patagia, 102, 103 
Patagonia, 459 
Paunch, 848, 360, 446, 448 
Paurometabola, 158, 199 
Pauropidae, 83, 42, 47 
Pauropodn, -^7, 57, 77, 79 ,80 ; structure, 6 
Pauropus, 47 

Pazlavsky on bedeguar, 527 
Pedicellate, 519 
Pedunculate body, 495 
Pelecinidae, 668 
Pelecinus polyturalor, 668 
Pelopcteua spindae foot, 105, 106 
Perez on Termes, 366, 382 
Perga lewisii, 517 
Periblast, 149 

Pericardial septum, 134; sinus, 18^ 
tissue, 185 

Peringueyellajoeoea, 825 
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PeripaioideSy 24 n. 

PeripatopaiSy 24 n. 

Peripatusy 1, 6, 23, 77, 79 ; tracheae, 3, 

14, 15 ; aitinities, 4 ; external features, 

5 ; head, 6 ; tail, 6 ; colour, 6 ; jaws, 

7 ; legs, 8 ; habits, food, 9 ; breeding, 
10, 19 ; alimentary canal, 11; nervous 
system, 12, 22 ; body-wall, 13 ; muscles, 
vascular system, 15 ; haemocoele, 22, 23 ; 
body-cavity, 16, 22 ; nephridia, 16, 17, 

22 ; repro<iuctive organs, 18 ; develop¬ 
ment, 10, 19, 20, 22 ; species, ^4 *» <118- 
tribution, 24-26 

Periplaneta (wiericanay 236 ; P. austral- 
asiaCy 221, 236, 239 
Periplanetides, 241 
Perisphacriides, 241 

Perlay anatomy, 403 f. ; nymph, 400 ; 
P, cephulotesy 406 ; P. maximay 400, 
406 ; P. pariainay 399 
Perlidae, S98 f. 

Perris on TervirSy 366, 374 

Petnsiay 303 

Petiolata, 496, 503, 510 

Petiolate, 519 

Petiole, 492, 493, 519 

Petioliventres, 503, 519 

Peyrou on atmosphere in bodies, 131 

Peytoureau on styles of cockroach, 221 

PezomachuSy 556 

Phagocytes, 137, 165 

Phaneropterides, 323, 328 

Pharynx, 114, 121 

Phasgouuridea, 311 

Phasnuiy 276 

Phasmidae, 20U 407, .W-278, 277 
Phasinides, 278 
Phasmodes ranatriformiSy 324 
PhilopotanmSy 483 
Philopterides, 346, 350 
Phonation, 200, 257, 302, 306 ; of Acri- 
diidae, 284, 304 ; of L<K!ustidae, 318, 
319, 320, 324, 327 ; of Gryllidae, 331 f. ; 
of (rri/Uotalpay 334 ; of Brarhi/lrf/pesy 332 
Phosphorescent Myriapods, 34 ; may-flies, 
442 

Pliragma, 103, 491 

PhryganeagrandUy 422; P.j)i7ovW-,pupa,477 
Phryganeidae, 398, 473 f. 

Phryganeides, 480 
PhyUiides, 267, 278 

Phylliumy 262, 263, 267 f.; P. crur^oliumy 
269 f. ; egg-capsule, structure, 271 ; 
P, scythe.y 267, 268 ; egg, 270 ; P. «Vci- 

foliumy egg, 266 

Phyllodromia germanicay 229, 236; egg- 
capsule, 229 
Phyllodromiides, 240 
Phymateusy 303 

Phytophagous Parasitica, 522, 546,547,557 

Pick, of death-watch, 891 

Pictet on nymphs of Ephemeridae, 433 
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Pierisy palpus, 122 ; instars, 156 ; para¬ 
sites 561 

Pigment, of iris, 98 ; retinal, 98 

Pillared eyes, 430 

Pimplay 553, 557 

Pimplides, 557 

Pitfalls of ant-lions, 465, 459 

Planipennifiy 342 

Plantula, 105 

Plateau, on marine Myriapo<ls, 30; on 
digestion, 127 ; on sight, 416 
Plaiepliem^ra antiquay 428 
PUityUemmus lusitanicusy 339 
Pfatycleis grise iy 312 
JHaiycnemiSy 413 ; P. pennijteSy 413, 417 
Ptatycrania eduliSy egg, 265 
PlatygasteTy embryology, 536 
Platyptera, 174 
Platypterides, 259, 344, 428 
Plecoptera, 175y 407 
Plectoptera, 774, 442 
Plectopteriiiae, 24 I 
Pleura, abdominal, 493 
Pleuron, 88, 91, 100 
Plica of carw'ig, 209 
J*neumora scuteltari^y 302 
Pneumorides, 299, 302, 309 
Pocock on M}’naj)ods, 33, 80 
J*odaranthus laUkinsoniy 272 
PodagrioHy parasitism of, 546 
Pocleon, 491 

Piduray 194 ; 1*. aquaticay 194 
Poduridae, 190 
Poccilimon ajinisy 200 
Poisers, 108 

Poison-claws, 36, 58, 60 

Poletajewa, Olga, on dorsal veesel, 133 ; 

on Odonata, 414 
Potistes lanioy parasite of, 564 
PolycentropuSy 483 
Polydesmidae, 34, 36, 4^ 76 
Polydesmoitlea, SO 
PotydesmiiSy 36, 39, 44 
PotymitarcySy 440 
Polymorphism, 500, ,536 
Palyntma natanjty 538 
l^olynephria, 175 
Polyxenidae, 4 ,?, 53, 59, 77 
Polyxenusy 33, 87, 48, 55, 72 ; transverse 
section, 58 ; sense-organ, 61 
Polyzoniidae, 44^^ 53 
Pdyzonium, 44^ 48 
Pmnpholyx dim*rphay 618 
Pompilides, 494 
Porthetisy 280, 282 
Post-cl 3 rpeus, 93 

Post-embryonic development, 154 
Post-scutelluni, 100, 101 
Potamawthmy 483 
Potts on MantUy 249 
Poulton on Pawtsciw, 556 
Praescutum, 100, 101 


2p2 



PERIPATUS-MVRIAPODA—INSECTA 


580 


Praon^ 550 

Pratt, on iniagina] discs, 167 

Praying Insects, 242 

Prestwichia OjqwUimy 538 

Primary larva, 542 

Primary segmentation, 150 

Prisojnts, 272 

Procephalic lobes, 97, 150 

Prochilides, Si8 

ProchUus australis^ 324 

Proctodaeum, 123, 151 ; in Musca^ 124 

Proctotrypidae, 

Production of sex, 499 
Pro-legs, 514 

PronoUd wing-rudiments, 344, 895 

Pronotum, 88, 100 ; of Xylocopa^ 490 

Pronymph, 164 

Propleuron, 100, 489 

Propodeon, 491 

Propodeum, 491, 492 

Proscopiides, 299, 309^ 825 

ProsopisUntva piincti/r<ms^ 435 

Prostemmatic organ, 105 

Prostemum, 88, 100 ; of Vtapa crabro^ 491 

Protection, 518, 515 

Protephemerides, 448 

Prothoracic dorsal appendages, 448 

Prothorax, 102 

Protoblast, 149 

Proto-cerebron, 118 

Protocraninm, 93, 93 

Protodonates, 428 

Protoperlidae, 408 

Protosyngnatba, 75 

Prototracheata, ix, 4 

Proventricnlus, 114, 184, 125, 450 

Patdis americana^ 215 

Paedra diatra, 466 

Pselapsognatha, 45 

Psenides, 524, 533 

Paeudoglomeria fornicatii, 235 

Pseudoneoroptera, 34^ 

Pseudonychium, 105 . 

Psendopbyllides, 333 
Pseudo-sessile, 493 
Paeuddremia^ 34, 35 
PaUoenemia ddaiipta., 413 
Fsoeidae, 390 f. 

Paocua foaekaw^ 390; P. hetenmorphua, 

891 

Pteromalini, 639 

PUf^maxaya frigida^ 898 ; P. regalia, 402 
PteropliatHa, 381 
Pterygogenea, 175, 196 
PalvUlus, 105 

Pupa, 157,169; active, 448, 465, 473, 479 
Pupation, of Chalcidida^ 550; o( Kncyrtua^ 
5461 of Proctotrypids, 534, 535 
Pa|dpi^ 148 
Pggidierana hugelit 902 
Pyriditmii 205 
Pylorus^ 127 


Pyramids of Egypt, 462 
Pyrgoimniia aingularia, 352 
Pyrgomorpha gryUoidca, 808 
Pyrgomorphides, 303, 309 

Queen, 144, 361, 373 

Radial cell, 524 

Raphidia, 447 ; it. notata, 447 ; larva, 

448 

Raphidiides, 444, 44'^ 

Raptorial legs, 242 f., 257, 463, 484 
Ratzeburg, on Anomalon, 553 ; on tro¬ 
chanter, 520 

Ravages of Termites, 388 
Reaumur, on ant-lions, 455 ; on circula¬ 
tion of silkworm, 18.5 ; on galls, 525 ; 
on may-flies, 4.38, 441 ; on sawflies, 
612, 513 ; on spheroidal condition, 164 
Reccptaculuin semiriis, 139, 404 
Rectal, gills, 421 f. ; respiration, 485 
Rectum, 1*25 

Redteiibacher, on inigrulory locust, 297 ; 
oil wing, of (Migotomn, 358 ; of Termta, 

359 

Reduviid egg, 145 
Keflex action, 250 

Reproduction of lost parts, 213, 265, 

266 

Reproiliictive organs of Kphemcridae, 439 
Ke.semblance, of eggs to seeds, 265, 270, 
271 ; of one part to another, 206, 266 ; 
of parasite: to host, 582 ; histological, 
271 ; of Trk'hoptera to moths, 484 ; to 
bark, 251 ; to flowers, 254, 255, 256 ; 
to inorganic tilings, 253, 304, 307 ; to 
leaves, 255, 267, 268, 322 f., 323 ; to 
lichens, 253 ; to other creatures, 235 ; 
to other Insects, 197. 215, 235, 251, 
274, 300, 301, 323, 324, 504, 513, 550 ; 
to vegetation, 200, 260, 274 
Respiration [and respiratory organs], 128- 
132, 431 ; by integument, 483 ; by 
setae, 435 ; of nymphs of Odouata, 
420 f. ; of Perlidae, 401 t 
Respiratory chatiilier, 434 
Hetimila, 98 

Reuter on ventral tube, 192 
Khabdom, 95 
RhipipteryXy 337, 338 
Hhizotrogua egg tul)es, 138 
IVioditea roatie, 498, 627, 528, 631 ; larva, 
532 ; parasite, 589 
Khyacoph Hides, 433 
Rjvyaoophylaxy 482 
Rhynchota, 175 
Rkyparffbia ynadet'oet 237 
Rhyaaa perauaanriOy 554 
Riley, on capriftcatlon, 549 ; on Cqplhata^ 
505 ; on development of 288 , 

289 ; on galls, 526 f. ; on Katydids, 
320; on locust swanns, 293 ; on ifiero- 



INDEX 


581 


eentrmii 313; ou oviposititig of locust, 
290; on subimago, 437 ; ou Thalessa, 

554 

Ritsema on Enoicyla^ 481 
Ronalds on anglers’ flies, 441 
Roux on NecrophiUiSt 402 
Royal pairs, 377 
Riihl on earwig, 213 

Sacs —see Air Sacs 
Sagides, 328 

Salivary glands, 124, 126, 187, 210, 228, 
246, 283, 335, 318, 353, 403, 414, 495 ; 
of Peripatiis^ 11 ; of MyriaiKKls, 48, 

49 

Salivary receptacle, or reservoir, 126, 228, 
216, 835, 348, 360 
Sanatoria (Orthoptera), 201 
Sandwich Islands—see Hawaiian Islands 
Saunders, Sir Sydney, on SclertHlerma^ 
536 ; on caprification, 518 
Saussure, H. de—see Dti Saussnre 
Savage on Termites, 368 
Saw, 493, 512 
Sawflies—see Tenthredinitlae 
Scales, 185, 189, 397 
Scapteriacns^ 334 
ScelimenUf 301 

Schindler on Malpighian tubes, 216 ; of 
<rryllota/}m, 335 

Schistoccrcti 2>er€{fritia<, 298; development, 
287 ; S. americana^ 298, 308 
Sthizoditctylus monstrmus, 325 
Schizophthalmi, 459 

Sc^hizotarsia, 35, ^0', 57, 58, 70, 75 ; stnic- 
tnre, 59 

S< hletterer on parasitic Hymenoptera, 362^ 
r»tS3 

S<derite, 91 
StUriHlermUf 536 
Scolia, ovaries, 138 
Scolopendra^ 30,^31, 32, 41, 78 
ScolopemireJla^ 47, 61 
Scolo]:>endrellidae, 33, 42, 4^ 
S(;olopendridae, 31, 33, 39, 75 ; sper- 

matophores, 39 
S<'.orpion-flies, 440 f. 

Seiuldcr, on grasshopjier music, 287 ; on 
Katydids’ music, 320 ; on locusts at 
sea, 297 ; ou reprotluctioii of lost li;:.l>s, 
265 ; on fossil Insects, 486 ; ou fossil 
earwigs, 216 ; on fossil may-flies, 443 ; 
ou fossil Si^idae, 449 ; on Tertiary 
Insects, 179 
Bcntellum, 100, 101 
Sculigtra^ 35, 36, 48 ; sense organ, 61 
Simtigeridae, 85, 36, 40, 40 ^ 60 
Scutum, 100, 101 
Secondary, 427, 472 ; larva, 542 
Seeurifera, 603 

Segmentation, 149, 237 ; of ovum of 
Sinicra^ 545 


Segments, 88 , 90 ; number of, 87 

Selys, De, on dragon-flies, 425, 427 

Semi-pupa, 497 

Sense organs, 121-123 

Senses, 541, 544, 553 

Sericostoinatides, 474i 4^2 

Series, 177, 201 

Serosa, 148 

Serrifera, 503 

Sessile abdomen, 493 

Sessiliventres, 492, 496, 503 

Sex, 498, 499, 500 

Sexes, 137 

Sexual organs, external, 141 
Shaw on Orthoptera, 201 
Sialiilae, 407, 4A4 
Sialides, 4^4 

Sialia lutaria^ 444 ; eggs, 445, lan'a, 445 ; 

tracheal gill, 448 
Silk, 127 

Silo, parasite of, 668 
Silurian Insect, 238 
Silver fish, 186 

Simple eyes, 97, 184—see also Ocelli 
Sinel, on marine Geophilus, 30 
Siphonajdera, 77^, T75 
Sirex, habits of its parasite, 554 ; S. augur, 
509 ; S. gigas, 508, 510 ; A', juvenxua, 
508 

Siricidae, 607 ; parasites of, 663 
Siricides, 510 

Sisyra, 467 ; S. fiiscata lar\’a, 467 
Sisyrina, 407 

Si laris humeral is, early stages, 159 
Sloane, Sir Hans, on locusts at sea, 297 
Smallest Insect, 537 

Smeathmaii on Termites, 366 f., 381, 383, 
387 

Smicra davipes embryology, 545 
Smith, F., ou Cynips, 530 ; on Trigonalys, 
564 

Smynthuridae, 7.97 

Smynlhurus va7~iegatus, 191 ; /useus, 

192 

Snow-Insects 194 

Social, Insects, 85,861. 369; Hymenoptera, 
488, 500 f. 

Soldiers, 370, 871, 372 
Somites, 87 

Sommer on Macrotama, 163, 195 
Soothsayers, 242 

Sound prmluction, 358—«ee also Phona- 
tion 

Spathius, 561 

Species, number of—see Numl>er 
Spencer, Herbert, on caste and sev, 500 
Spermathera, 139, 228, 499 
Sperinatophores, 10, 89 
Spermatozoa, 140 
Sphasropsocus kunowii, 397 
Sphatroiherium, 43 
Sj^x chrysis, 490 
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Spiders eaten, 464, 465 
Spinneret, 4k68 
Spinners, 441 

Spiracles, 89, 111, 128 ; number of, 186 ; 
of dragon-6y nymph, 423 ; absent, 436 
—see also Stigmata 
Spiral fibre, 128 

Spongilla Jlumatilis, larva in, 467 
SiK)utaneous generation, 525 
Spring of Collembola, 191 
Spurs, 104 
Stadium, 155, 158 
Stalked, coiroons, 660 ; eggs, 469 
St. Augustine quoted, 85, 565 
Stein oil Raphvlia larva, 448 
Stelis, parasitic, 544 ; parasitised, 543 
Stem sawflies, 504 

iMenahothruSf 308 ; sound - instruments, 

284 

Stenodictyopterides, 

Stenopelmatides, 321, SJH 
Stenaphciamus rvjiceps^ 661 
Stenojihylla cornigemf 257, 268 
Stephan idae, 561 
tStepfianus, 562 
Sternum, 91, 100 
St. Helena, 389 
Stick'Insects, 260 
Stigma ot wing, 524. 534 
Stigmata, 88 , 89, 111, 204 ; position, 493 ; 
on head, 193 ; S. repugnatoria, 30—see 
also Spiracles 

Sting, 493 ; and ovipositor, 534 
Stink'dies, 469 

Stink-glands, 31, 125, 210, 264, 335 
Stipes, 95 

Stoll on spectres, etc., 254 
Stomach, 114, 124, 125 
Stomato-gastric nerves, 120, 121 
Stomodaeum, 123, 151 
Stone-flie.% 407 

Stratiomys strigosa parasite, 545 
Stridulation, 304—see also Phonation 
Stnmmer - Traunfels on Thysanura and 
Collembola, 189 
St. Vincent, island of, 461 
Styles 224, 238 

Stylapyga orientalis^ 223, 228, 231, 236 

Sub-imago, 429, 437 

Sub-Order, 177 

Subulicornia, 4^6 

Sacking spears, 466, 467, 470, 471 

Suctorial mandibles, 453, 456 

Super-Orders, 177 

, Supplementary Icbueumon-flies, 558 
'' Supra-oesophi^eal ganglion, 117 
Sutures, 92 

Swarms: of locusts, 292-299; of may-flies, 
441; of Termites, 362 
Sympathetic nervous system, 120 ; absent, 
353 

SymphratiB varUi, 465 


Symphyla, 42, 46, 77, 79, 80; structure, 
61 

Synipliyta, 503 
Sympycna fuHca, 415 
Synaptera, 115 
Synergus^ 531 
Syngnathu, 44 

TananX, 319 

Tamchoiles lucuhrans, 249 

Tarsus, 88, 104, 106 

Tasebenberg on parthenogenesis, 141 

Tausendfiisse, 41 

Teeth, 95 

Tegminu, lOS ; leaf-like, of Pterochrosa, 
322 ; of crickets, 331 ; of earwigs, 206, 
212 ; of Phylliuin, 269 ; of Schizoilac^ 
ttilna, 325 
Tegula, 103, 108 
Teleganoiles^ 442 
Telson, 205 
Temples, 94 

Templeton on Ltpisma, 195 
Tendons, 116 
Tenthre/linidae, 5/0-518 
Tenihredt) sp., 489 ; t»‘stes, 140 
Tentorium, 99 

Tepper on fossorial Blattid, 241 
I Terebrantia, 5!10 
Tergum, 91, 100 

Tennes, 378, 380 ; 7*. luvi/ugus, 369, 360, 

I 364, 366, 373, 374 : T. 7nosmmhicuSy 366 ; 

! T. 1)eUic(tsus, 366, 371 ; troplii, 387 ; cell 

of, 367 ; T. occUlenti.% 371 ; T. armiger, 
371 ; T. tennis, 389; 7*. eingulatus, 371; 
T. dims, 371; T,deJjilis/47\ ; T, vuiruni^ 
383 

IVniiitarimn, 366, 867 
Terniites, 357 f. ; distinctions from ants, 
502 ; wings, 369 ; analotny, 360 
Termitidae, 356 ; nuinlM.u* of s;>ecies, 
389 

Tertiary, 196, 216, 239, 276. 309, 340, 
398,‘l27, 142, 449, 453, 472, 485, 533, 
551, 558 

Testes, 18, 49,140, 404, 440 ; of Psocidae, 
392 ; of Slilopyga onentalis, 228 
Tetrophthalvivs chiiensis, 846 
Tettigides, 299, 300, 300 
Trttix bipunctfUus, 800 
Tfuilessa larva, 607 ; ovipositiou, 664 
Thamasles, 485 * 

Thamnotrw7n apterus, 316 
Thecla egg, 146 
Thelyotoky, 141, 498 
Therm(thia fnrnorum , 186 
Thlibosctlus cumellifolins, 319 
Ttwracanlha latreUlei, 660 
'Hiorax, 99-103, 101, 108 
Thorax porcellann wing, 227 
Thyrsophorns, 396 
Tbysanoptera, 1113 
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Thysanura, 182 f.; distinctions from Sym- 
phyla, 61, 77, 79 
Tibia, 88, 104 
Tillus elongatus larva, 90 
Tinoile^y 483 

Titanophasina fayoU^ 276, 428 
Tomiteres citTinm, 464, 458 
TonwgnathuSf 498 
Tongue, 96—see also Lingua 
Tory males, 5J/7 

Toxodera, 253 ; T. denticidata^ 264 
Trabeculae, 345 

Tracheae, 128 ; absent, 553, 555 
Tracheal gills, 400 f., 401 — see also 
Branchiae 

Tremex colitmUif 607 

Trias, 449 

Triassic, 239 

Tru'hijvlus^ 70', 80 

TricfuMiertes^ 350 ; T. hitust^ 349 

Triclioptera, Ipd f. 

Trichostegia, 480 

Trixarythus^ 434, 436 

Ti-idactylides, Sjlt 

Tridactylus rdriegattis^ 337 

Trigonalidae, 50Jf 

Trigonalys vutruHfronSf 664 

Trigonidii<les, 846 

Triineu on Trachyinlra hufo^ 304 

3Viiiida.l, 501 

Trinoton liiridiim^ 346, 347 
Trito-cercbron, 118 
Trochanter, 88, 104, 491, 494, 620 
Trochantin, 104; of ccnkroach, 222 
Trophi, 91, 94 
Tryphonhles, 857 
Tryxaliiles, 303, 809, 325 
Tryxalis iiasufa, 279 
Tubulifera, 5‘JO 
Tyinpanophorhles, 828 
Tympanum, 286 f. 

Tymlall on grasshopper music, 286 

XTtxoa, 33 
Uroceri«hu*, 507 

Ustdess wings, 199, 394, 484, 561 
Uterus, 18, 392 

Vaotts ner\'ous system, 120 
Van Rees on metamorphosis, 162, 164 
Variation, 536 ; of colour, 252, 288, 304, 
308 ; in descTt Insects, 305 ; in cnrelli, 
267, 395, 536 
Valides, 259 

Vas deferens, 18, 140, 187, 392 
VByssiere,oiniyniphs of Kpliemeridae, 431; 

on lingua, 438 
Veins, 206 

Ventral chain, 116, 187, 414: of Perlidae, 
404 

Ventral plate, 148 ; tube, 191, 192 
VerlioeH; 38 


Verlooren on circulation, 436 
Vertex, 94 

Vesicula seminalis, 140, 392 ; absent, 404, 
414 

Vespa crahro prosternum, 4^1 
Vestibule, 112 

Viallanes, on hea<l, 87 ; on brain, 118, 
119; on metamorphosis, 162 
V’isceral nervous system, 120 
Vitellophags, 147, 152, 168 
Viviparous Insects, 217, 229, 143, 

218 

Voetgangers, 295 f. 

Vom Rath on sense organs, 122 

Vora<-ity, 250, 258 

Vosseler on stink-glands, 210 

Walkeh, J. J., on Australian Termites, 
386 

Walking-leaves, 267 

Walking on i)er 2 )endicular and smooth 
surfaces, 106 
Walsh on galls, 531 

Wasmann on St. Augustine’s works, 565 
Wattenwyl, Hnmiier von—see Brunner 
Weismann, on caste, 5(»0 ; on meta- 
moriihosis, 162, 166 ; on imagiiial discs, 
167 

Wcstwofxl, on Forlirula, 204 ; on Jfelico- 
vnlus larva, 460, 461 ; on JMchesilhv, 
395 ; o]i Sclrr<Hienn<f, 536 
Weta-pungji, 326 

Wlieeler, on Malpighian tubes 127 ; on 
eiuhryology of Orlhoptera, 199 ; on 
embryology of Xiphidium, 321 ; on 
vitellophags, 147, 152, 168; on seg¬ 
mentation, 150 

White ants, 356—see Termites 
Wielowiejski on bloo<l-tissue, 133, 137 
Will on brain of Aidiididae, 118 
Wingless : caddis-flv. 481 ; earwigs, 205 ; 
Insects, 345, 352, 356, 451, 4S8, 536, 
547 ; wingless Psocidae, 394 f.—see also 
Apterous 

Wings, 107 ; origin and function, 394 ; of 
Blatlidae, 225 f,, 227 ; development of, 
in locust, 288; in Triehojdera, 479, 480 ; 
of dragon-fly, 413; of earwigs, 206 ; 
of Ephemera, 431: growth of, 418; 
of Ichneuinoii and Bracon, 869 ; l>os- 
terior absent, 466, 485 ; wing-hooks, 
494; veins, 107—see also Tegiuina and 
Alar Organs 
** Wire-worm,” 29, 36 
W'istinghausen on tracheae, 129 
Wootl - Mason 011 (^ofylosoma^ 272; on 
mandibles, 95 ; on Mantidae, 2,'>1, 258; 
on Oligotowa, 352; on phonation of 
Mautidae, 258 

Woodworth on embryology, 146, 153 
Workers, 861, 374, 488, 495 
Wyandotte Caves, Myria^tods in, 34 
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Xambbu on Paltnon^ 546 
Xerophyllum simife, 801 
Xiphidium enstferum^ 821 
Xiphocera asinn^ 303 
Xj/iobiuSf 73, 76, 80 

Xyhicopaj 494 ; inetamorphosia. 170 ; pro- 
notnn>, 490 

Xypbidriules, 507 f., 510 


Yolala, 298 

Yolk, 19, 64, 145, 152, 546 

Zrphroniidae, 80 

Zimniermann on caudal respiration, 435 

Zittel, figure from, 276 

Xygaena embryo, 161 

Zygopteridcs, ^/7, 4^i0 ; nymphs, 422 
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PROTOZOA, OOELENTERATES. EOHINODERMS, etc. 

VOLUME L 

Protozoa, by Marcus Hartoo, M.A,, D,Sc. ; Porifera (Sponges), by 
loBRNA B. J. SoLLAs, B.Sc. ; Ooelenterata and Ctenophora, by 
S. J. Hickson, M.A., F.B.S. ; Echinodermata, by £. W. MacBridb, 
M.A,, F.R.S. 

NATURE. —“Taken in conjunction with the earlier published volumes, the 
work seems to fulfil the purpose of providing an intelligible and adequate survey ol 
the entire animal kingdom without giving undue prominence to particular groups. 

• . • The illustrations are excellent.^' 

FIELD. —** The book can be in the strongest manner recommended to those for 
whose benefit it has been written. We know of no work from which a more truly 
Boientific account of the Protozoa, Echinoderinata, and other lower forms of animal 
life could be gained.*' 

outlook ,—“There is much valuable matter in these well-planned sections 
which will render the volume, like the others which have X)receded it, a necessary 
book of reference in every well*equip|>ed library.** 

WORMS. ROTIFERS, AND POLYZOA 

VOLUME II. 

Flatworms and Mesozoa, by F. W. Gamble, D.Sc.; Nemertines, by Miss 

L. Sheldon ; Threadworms and Sagitta, by Sir A. K Shipley, G.B.E., 

M. A., F.R.S.; Rotifers, by Marcus Hartog, M.A., D.Sc.; Polychaet 
Worms, by W. Blaxland Bbnham, D.Sc., M.A.; Earthworms and 
Leeches, by F. E. Beddard, M.A., F.R.S.; Gephyrea and Phoronis, 
by Sir A. E. Shipley, G.B.E., M.A., F.R.S.; Polyzoa, by Sir S. F. 
Harmer, K.B.E., Sc.D., F.R.S. 

CAMBJtlDOE Several of the groups treated of in this volume are 

nnknown, by sight even, to the general reader, and possess no popular name what¬ 
soever ; and as only a l^w insignificant details are known of the habits of the 
animals composing them, their treatment in the volume before us has necessarily 
been to a large extent anatomical. This circumstance renders the book of especial 
value to students, more particularly as in some cases the articles on the groups in 
question are the first comprehensive ones dealing with their res]iective subjects. . . • 
Most of the articles are of a very high order of merit—taken as a whole, it may be 
said that they are by far the beet which have as yet been published. • • . We may 
say with confidence that the same amount of information, within the aame compass, 
it to be had in no other zoological work.*' 

NA TURAL SCIENCE. —“This second volnme of the Cambridge Natural Histoi^ 
is certain to prove a most welcome addition to English Zoolo^cal literatnre. ft 
deals with a series of animal groups, all deeply interesting to the specialist in 
morphology ; some important from their economic relations to other living things, 
others in their life-histories rivalling the marvels of fairy-tales. And the style in 
which they are here treated is also interesting; history and the early observations 
of the olaor writers lend their charm; accounts of habits and mode of occurrence, 
of life, in a word, fVom the cradle to the grave, are given in ample detail, 
accompanied by hill references to modem ana current literature. The whole it 
admirably iUoatrated." 
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MOLLUSCS AND BRAOHIOPODS 

VOLUME III. 

Molluscs, by the Kev. A. H. Cooks, M.A.; Brachiopods (Recent), by Sii 
A. K Shipley, G.B.E., M.A., F.R.S.; Brachiopods (Fossil), by F. R. C. 
Rbbd, M.A. 

FIELD. —^*We know of no book available to the general reader which afTorda 
such a vast fund of information on the structure and habits of molluscs." 

KNO WLEDQE .—“If succeeding volumes are like this one, theCambridge Natural 
History will rank as one of the finest works on natural history ever nublished." 

ATRENjEUM .—“The series certainly ought not to be restricted in its circula* 
tion to lecturers and students only ; and, ii the forthcoming volumes reach the 
standard of the one here under notice, the success of the enterprise should be 
assured." 

VOLUME IV. 

Orustacea, by Geoffrey Smith, M.A., and the late W. F. R. Weldon, 
M.A.; Trilobites, by Henry Woods, M.A. ; Introduction to 
Arachnida, and King-Crabs, by Sir A. E. Shipley, G.B.E., M.A., F.R.S.; 
Eurypterida, by Henry Woods, M.A.; Scorpions, Spiders, Mites, 
Ticks, etc., by Cecil Warbuuton, M.A.; Tardigrada (Water-Bears), 
by Sir A. E. Shipley, G.B.E., M.A., F.R.S.; Pentastomida, by Sir 
A. E. Shiplby, G.B.E., M.A., F.R.S.; Pycnogonida, by D*Aroy W. 
Thompson, C.B., M.A. 

UORNINQ POST .—“The present volume fully maintains the standard that has 
been set by the earlier volumes. . . . The editors are heartily to be congratulated 
on the accomplishment of their laborious undertaking. They have produced a 
trustworthy account of the various departments of the animal kingdom, of value 
both to the naturalist and to the professed zoologist, a work containing such a 
quantity of information as will scarcely be found in any other zoological treatise of 
the same kind." 

PERIPATUS, MYRIAPODS, AND INSEOTS-Part I. 

VOLUME V. 

PeripatUB, by Adam Sedgwick, M.A., F.R.S. ; Myriapods, by F. Q. 
Sinclair, M. A. ; Insects, Part 1 ., Introduction, Aptera, Orthoptera, 
Neuroptera, and a portion of Hymenoptera (Sessiliventres and 
Parasitica), by David Sharp, M.A., M.B., F.R.S. 

FIELD. —“Although written for the student nnd the specialist, the l)ook is not 
the less adapted to all intelligent readei-s who wish to make themselves thoroughly 
acquainted with the habits, structure, and the modern classihcatiou of the animals 
of which it treats. To such it cannot be recommended t(*o strongly." 

SCIENCE OOSSIP .—“Every library, school, and college in the country should 
possess this work, which is of the highest educational value." 

Prof, RAPHAEL MELDOLAt F,R,S,^ F.O.S,^ in hi$ ProMential Addreu to tho 
EtUomoloffieal SocUty of London, oaid: —“The authors of this volume are certainly 
to bo congratulated upon having furnished such a valuable contribution to our liteili* 
tare. Wnen its sucoessor appMrs, and I will venture to express the hope that this 
will be at no very distant period, we shall be in possession of a treatise on the 
natural history of insects which, fVom the point of view of the general reader, will 
' compare most favourably with any similar work that has been published in the 
English language." 

ENTOMDLOQISTS MONTHLY MAGAZINE.^^^Vft venture to think the 
work will be found indispensable to all who seek to extend their general knowledge 
beyond the narrowing influence of exclusive attention to certain orders or groupe, 
and that it will take a high position in *The Cambridge Natural History * series.'* 
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INSEOTS-Part IL 

VOLUME VL 

Hymenoptera continued (Tubulifera and Acnleata), Coleoptera, StreP' 
siptera, Lepidoptera, Dipterai Aphaniptera, Thysanoptera, Hemip 
tera, Anoplura, by David Sharp, M.A, M B., F.R.S. 

8A TUlWA Y JtEVIB1Y.^**DT. Sharp’s treatment is altogether worthy of the 
series and of his own high scientific reputation. But in a work of this sort it is 
not only necessary that information should be accurate, but also that it shall be 
presented to tiie eye, so far as illustrations and printing are concerned, in such a 
way as to render its matter as easily intelligible as possible, and readily usable 
for purposes of reference. Under both these heads we have nothing but commenda¬ 
tion for Mr. Sharp’s treatise. The illustrations are indeed beautiful, and the use 
of the heavy type for the headings of the various sections and leading paragraphs 
materially helps the reader in the progress of his study. Certainly tins is a b^k 
that should be in every entomologist’s library.** 

DAILY LEWS .—“It would be hard to say too much in praise of this most 
admirable volume. It is too often the case that scientific books are written in a 
dull and uninteresting style. The reader will find nothing of that kind to complain 
of here. The descriptions are clear, the illustrations are excellent; while, as in the 
previous volumes of the series, printing and paper are all that could be desired.” 

PISHES, ASOIDIANS, etc. 

VOLUME VII. 

Hamichordata, by Sir S. F. Harmer, K.B.E., Sc.D., F.RS.; Ascidians and 
AmpMoxus, by Sir W. A. Herdman, D.Sc., F.R.S.; Fishes (exclusive of 
the Systematic Account of Teleostei), by T. W. Bridge, Sc.D., F.R.S.; 
Fishes (Systematic Account of Teleostei), by Q. A. Bodlenger, F.RS. 

A THENjEUM, —“ All who take a serious interest in the advance of ichthyology 
will find this a fascinating book.” 

NATURE is a thoroughly scholarly work for students, amply 

Bustaininff the reputation of an ancient university as being in the van of sciennfio 
progress.^ 

AMPHIBIA AND REPTILES 

VOLUME VIII. 

By Hans Qadow, M.A., F.RS. 

FIELD. —“ The work is worthy of the series in which it appears, and we can 
not give it higher praise.” 

SCIENCE GOSSIP, —“More than maintains the high scientific reputation of 
this series. The herpetologists, or students of the Amphibia and Reptiles, have now 
a standard work of the highest class.” 

LANCET,--^**Ktl account of both Amphibia and Reptiles which should satisfy 
the expert, and at the same time entertain the rea ler who is merely interested in 
the tit-bits of natural history. ... A book full of accurate information and pleasant 
reading.” 

MORNING POST, —“A delightful as well as a serviceable book. . . . Herein 
perhaps lies the great charm and merit of Dr. Gadow’s book, that, while satisfying 
all the inquiries of the student, it is also in great part written for the ordinary 
intelligence, and the naturalist in the crowd may, while necessarily gliding over dis¬ 
tressing teohnicalities, find in its pages many hours of profitable and entertaining 
study of the habits of the classes under notice.” 

NATUEE, —“ In concluding the review we would express the opinion that by 
this handrome volume a very important addition to eoience has been made; that 
the beautiful illustrations, together with the clear and charming accounts of the 
life-histories which it contains, will do much to popularise the study of a rather 
oegleoted •eotion of ioolonr; And that lovers of Reptiles, of which there are more 
than one generally thinks, will feel that the new knowledge imparted to then 
emanates from one who is thoroughly in sympathy with their enthusiasm.” 
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BIRDS 

VOLUME IX. 

By A. H. Evaks, M.A. 

Mr. Evans has produced a book full of concentrated esaenoeof infonna- 
don on birds, eapecially as regards their outer structure and habits, end one that 
we can oordiallj recommend as a work of reference to all students of ornithology.** 
NATURE NOTES ,—“ We venture to predict that, of the ten volumes of which 
this excellent series is planned to consist, none will secure a wider popularity than 
Mr. Evans's treatise on biMs. Strange as it may appear, among the many books 
on birds that have appeared of lata years, we do not recall any that oovers the same 
ground. ... We are grateful to the author for the mine of valuable information 
which he has crowded between his two covers." 

SCIENCE OOSSIP,^**QtWietdX readers will find this work most useful in 
obtaining a proper understanding of birds, and will be assisted by the eflfeotive 
diagram of a hawk in the introduction, showing the recognised names of every })art 
of the exterior appearance. The expressions used in naming the various portions 
are fully explained on the adjoining page. As we have already said, the illustra¬ 
tions are admirable. The book is a useful addition to any library, as it treats ol 
nearly every known kind of bird throughout the world." 

SATURDAY REVIEW ,expert and the novice alike must be at once 
delighted by the accuracy and the beauty of the illustrations. ... It is astonish¬ 
ing to note the mass of info.-mation the author has been able to bring together. . . . 
With a little praotioe any observant person would soon learn by the help of thb 
volume to track down any bird very nearly to its ultimate place in olassifloatioB." 


MAMMALIA 

VOLUME X. 

By Fbank Evers Beddard, MJL, F.RS. 

NATURE ,-^**fail to be of very high value to all students of the 
Mammalia, espeoially from the standpoints of morphology and paleontology." 

ATHENjEUM, —**Mr. Beddard has produced a volume equal in interest and 
value to the others in the Cambridge series." 

LAND AND WATER,^**K notable book, the result of long study, patient 
labour, :»ound reasoning, and careful selection, for which we are deeply indebted to 
the author.'* 

DAILY NEWS, —" A volume which, for the interest of its contents and for its 
style and method of treatment, is not only worthy of its predeoessors, but may be 
regarded as one of the most successful of a brilliant series." 

KNOWLEDGE, —**In this volume Mr. Beddard has undoubtedly made an 
important contribution to the history of mammals, his textbook being the only one 
which ean be said to be up to date and to contain notices of the many important 
^pce—both recent and fossil—discovered during the last few years," 

** Its utility to the working soologioal student ean hardly beoveiratedl 
It is exceedingly well illustrated." 
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